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ABSTRACT \ 

This yearbook is an effort to reevaluate the metric 
systen and to present testimonies from people in various occupations 
with respect to metric usage (as of 1948). The first of four major 
sections explains the metric system and its development. Next are 29 
articles discussing the usage of the system in the general areas of 
education, science, engineering, mam f acturing and merchandising, 
medicine and pharmacy, world trade, armed forces, and athletics. In 
+he public interest section, accounts of magazines, reports, 
newspapers, radio, and clubs advocating the adoption of the $ystem 
are given. The fourth section centers on methods of making the 
adoption both in education and in general. (LS) 
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' Editor's Preface 



This the twentieth in the series of Yearbooks started in 1926 by 
The National Council of Teachers of Mathematics. Tlie titles of 
the preceding Yearbooks are as follows; 

1. A Survey of Progress in the Past Twenty-Five Years 

2. Curriculum Problems in Teaching NI jfthematics 

3. Selected Topics in the Teaching of Mathematics 

4. Significant Changes and Trends in the Teaching of Mathematjjps 
Throughout the World Since 1910 

5. The Teaching of Geometry 

6. Mathematics in Modern Life 

7. The Teaching of Algebra 

8. The Teaching of Mathematics in the Secondary School 

9. i\(»lati()nal and Functional Thinking in Mathematics 

10. The Teaching of Aritlhuetic 

11. The Place of Nlathematics ii\ Modem Education 

12. .'Vpproximate Computation ' ^ 

13. The Nature of Proof / ' • ' \ 

14. The Training of Mathematics Teachers 

15. The Place of Mathematics in Secondary Education 

16. Arithmetic in General Education 

17. A Source Book of Mathematical Applications/^ 
IS. Mnlti-StMusory Aids in the 'teaching yf Mathematics 

19. Surveying histnuirents: Their History and C:las.sroom Use 

The present Yearbook is a- very important addition to the vol- 
unuNS tluit preceded it and will serve as a companion work to the 
NinetcH^nth Yearbook; which deals with surveying instruments. 
Special eninhasi.s is put on tlu* value of the metric system in all 
activities involving nicasurenuMit. It i.s most illuminating to see in 
bow nianv^fields the nu^tric syst(*m is already being used.an'd how 
^nany leaders in thes(» fields advocate the general adoption of the 
nu^tric syiitem in the schools. It seenu certain that such adoption 
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'would save at least one yc^ar of sihool time for llie pupils. More- 
over, it se(Mns most ini|)()rtant that tlu» uietric system be adopted 
at once while postwar condit** )ns oiler an excellent opportunity . 

• for the change. 

As Editor of tlu» Vcnuhook series, I wish to express my p^'onal 

appreciation to Dr. J,/r. Johnson ai)d the other members of his 

connnittee for their interest *mu1 carc^ in seeim^ the Veurhook 

throui^h tlu» press. 

I " W..D, reeve' 

« 



Foreword 




For a long time the metric system has been popular with teachers 
of mathematics vjjnd science, but at the present time, for a num- 
ber of very good reasons, it seems especially appropriate to, re- 
view and revalue the metric system with a view to adopting it of- 
ficially in the United States. . ' . 

In the present highly scientific and technological age, a system 
of weights and measures having the simplicity, convenience, and 
scientific interactions that the metric system possesses can no 
longer be denied a fair trial. 

If we are to achieve that "one world" which offers such hope to 
a war-tired world, it seems highly desirable to have a world-wide 
system of weights and meas4.ires to go along with the almost uni- 
versally adopted Hindu-Arabic numerals and musical notation 
and the widely used Latin alphabet. 

At the present time we have millions of Americans wlio have 
spenft some time in metric countries and have had a considerable 
amount of experience in using the metric system. 

TjliQ metric system li? taught in practically all classes in high 
school and college science and to some extent in mathematics 
classes7and it is used by a large number of commercial firms do- 
ing an export and import Inisiness or manufacturing products for 
the almost wholly metric world. If we were to adopt the metric 
system, we would no longer need to waste the time now spent in 
teaching the old imperial sx stcm of weights and measures and in 
converting vahies of the imperial system into their metric equiva- 
lents and vice versa. 

The implications of acctiracy in computing with approximate 
data mnko it most urgent that we accept wHhont any further de- 
lay a siniple decimal sx'stem of weights and measures. 
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• Tills Yearbook represents an effort to re*evaluate the metric 
system apd to present testimonies from people in various occupa- 
tions with respect to metric usage. 

The Yearbook Committee 

J. T. JOHNSON 
\V, D. REEVE 
' E. W. SCKREIBER - 
c; N. SHUSTER 
H. WHrrCRAFT 

A Note on the Yearbook 

Vhe i)ivention of the Hindu-Arabic decimal number system is one 
of man*s outstanding achievements. With it, for the first time In 
history, masses were able to learn the art of computation. Later 
Simon Stcvin still further simplified the processes of computation 
by the introduction of the decimal fraction. Today the decimal 
fraction should be called the common fraction, so widely is it used 
in cojnnitrce and technology. 

wStill later came the metric system of measures, based upon the 
units meter, titer, and gram, which are also decimal. To appraise 
from an inclusive point of view the merits of this system' is the 
purpose of this Yearbook. As an educator and author of textbooks 
in mathematics, I commend Dr. Johnson and The National Coun- 
cil of Teachers of Mathematics tor this pubhcation. If the selec- 
tion of a system of measures were optional wit' » ducators, they 
would unhesitatingly choose a decimal system. They are well 
aware of the tremendous effort recjuired to learn, for example, the 
relationship between the linear units in our system: I inch — 
1 ^12 foot, 1 fool . 1/3 yard, 1 yard = 2/11 rod, 1 rod : - 1/320 
iuil(\ In contrast they appreciate the siniplicity and ease with 
which the pnpiL could learn: I millimeter- O.l centimeter, 1 
centimeter - 0.01 meter, and 1 meter — 0.001 kilometer. 

From the point of view of teaching and learning, it would noi 
be easy to design a more difficult system than the English system. 
In contrast, it would s(»em almost impossible to design a system 
more easily learned than the metric system. 

^JOHM H. CLARK 
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The System . - 

The Metric System; What It Is iinel \Miy We Need It - 

C. J. AUNOU) 

ToD\Y we in the tfliited Scutes are faced with a situation that 
should liave otir serious utifcntion'. 'We are using Kvo separate sys- 
tems o£ 1 tusuvnment for weight, vohime, length, and tempera- 
ture when only one is necessary for any and all purposes. We 
inherited cftie, the 'English system, which grew up in a haphazard 
way and is now heconiing ohsolete. The other system, the metric 
system, the pro'duct of mathematical and scientific study, is slowly 
but surely working its \vay in. The result of this conflict has been 
confusion ancV inefficiency. We now have to learn and teach and 
use tsvo svsten'is, a necessity which in itself makes our task twiceN 
as difficult. We ulso have'to learn equivalents so that we may I 
change units of one system into those of the other; this makes oui/ 
task of nicasuiement'at least four times as difficult as need bo/ 
The solution to this problem, it seems to me, is the elimination 
of one s\stem, and I hope that you will agree with me after we 
talk the 'matter over thaf it is tlie English system that should be 
clinunated. I would like to stress this point: it is a matter of elim- 
ination of the English system rather than of adoption of the met- 
ric sxsteni, b(^cause the Congress pf the United States adopted the 
metric sx steni as fa^ bac k as 186^. One of our leading educators 
makes this statPme:it: "There is no doubt that if we were starting 
afresh we would use tlie metric system. The difficult)^ arises in 
the proce.ss of making the change from our present' system." 



TiiK mkthk; svstkm 

Kv tMitiiiilly \\v wiW imkc that clumuo; why wot uow? Whv should 
we wait tor thv vstiniattHl thriu* l)«nKlrc;d y(\irs or so that it will 
take for the Kiitjlish syst(M)i to die out gradually wlu^i it could be 
eliminated in a few years if wo made up our minds to do it? 

You ask, *AVhy slionid it take so lon^, if the metric system is 
as good as you say it is?^^ The answer'is tlie old story of social 
inertia pins the fact that \\v as a p{M)ple are as \ et ver^• unscien- 
tific. . , 

, ^And then you niay ask, *AVhy are you so intcwsted?'* Let me 
assure yon first of all that it is not liecanse of the profit motive. 
\() one is [)aying n)e a salary to write this article, nor do I antici- 
pate that the Hoard of Education will incrtuitt^ niy sahuA' one iota 
for my Intercast uud work on this prohlcMU. * 

However, I am interested from S(*\{M-al other points of ^•iew. 
First, I am intiMVsted us an educator. I began to take the matt(M' 
s(M'ionsl\- last fall when I n^ul an editorial which s'tated that 20 
|)er cent of tht* a\(^rage student's time* in school was wasted ])v- 
caus(> of this' situation. That to n)(* was shocking ine^^]cienc^ . 'I'lu^ 
head of th(* mathematics (l(*partnuM)t of a t(\iel)crs coll(\^(^ statc^d 
that tu'O y(\irs of (^lenuMitary arithmetic could he eliuu'natt^d fnnn 
the grade scliool program if the Unitc^d States woidd eliminate 
th(* Knghsh system of measuriMiUMit. And in cheeking ov(m- tlu^ 
texthooks of tlu* snl)j(>ct which \ teach, high .school phvsics, I 
found. I l)elie\(» I am saf(* in sayi)ig, that K) pvv ivn[ of tlu^ work 
of hMrninn this siihjtu't, as now tani^ht, would In* eliminat(nl hv 
usini; e\ehisj\rl\ the metric syst(Mn of nxMSiniMJient. The time* 
sa\c(l eoiihi he nscd to ijood advantage in stu(l\'in<i th(* mau\* new 
(lexelopnients in this fi(*l(l. T1)(mi, too, mathematies and sci(MU*(^ 
are considered 1)\ stud(Mits to h(* "liard" snl)j' cts. Thvv aw "hard" 
heeans(» of ihc niathematies involved, and thi* njathematies is 
"hard ■ 1)eeaus(» of fractions, and thi* fractions jvv tlien* Ix^'ausc* 
the\ aic the iiiexitaMe result of th(* ns(* of the isiiglish swstem of 
nieasni-einent. W'hvu wr* (hseard tlu* raiLjIisi s\sten). wc will for 
all praetieal pniposes ha\e eHininated fraet ai.. from (Mhieation. 
l'n(!er nnr pr/'seiit eleetixe ^xsteni of education nianv students 
a\()i(i these 'lianT' suhjeets. 'I'hr vvs\\]t is that \\c ayc not cdueat- 
inij; \n\ flie luoderu \\orl(l~th(» Age of th(* Machint* — as well as 
we should. This was well hrou^ht out in World \\'ar 11 w h(Mi [he 
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arnietl forces appealed to the schools to stress nuithematics and 
scienee and retjuested them to pMt in special prc-indiietion c6urses 
iu these snhjc^ ts. We were fortnnate indeed to win this war, be- 
cause \vc were iis nnprepared along this line as in many of the 
others. It is cnconraging to note that science is being given major 
^ attention in our future plans. Jn that connection, I believe there 
*is much justification of the indictment of oiu' present system of 
education by those w1 o sa\' we are still educating for a world that 
used to be rather than for the World as. it is, nuieh less for the 
worltl that is to conic. The elimination of the English system of 
measurement, thereby making the subjects of mathematics and 
science less "hard," would do nnich to correct this situation. 

1 am also interested in this problem of standardized measurc- 
UHMits from the iwhit of view of a citizen, because the same sim- 
plification and increased efficiency that would occur in education 
would be carried over into e\ cv\ phase of living. Thorc are many 
otiier reasons, but space docs not permit their discussion here. 

I am inierested in this problem as a scientist. The metric sys- 
tem is a seieulific s\steni and is used in practically all scientific 
work. Our scientists started out using ihv English system but 
soon found it to be altogether too cumbersome and inadequate 
cUkI were happy indeed to discard it. 4 

Now, since most r(\search is carried out in the metric system, 
continued use of the English system stands as a barrier to the 
rtM(ly assimilation of scientific knowledge by the people. The full 
use of the metric s\ sttMU would speed up the assimilation of scicn- 
tific'facts and prevent or* shorten the lag between the discovery 
and th(^ applicatir)n of* those facts. Consider the housewife — one 
r)f ]u»ri)ig ]nUs is to feed her family properly. Since practically all 
rt'searcli in nutriHoUs fofuL health, \itamins, and so on, is ex- 
[)ress(»cl in the metric syst(Mn, she is forced to get the new findings 
s(»c(5nflhand*. Th(w must first l)e translated into her old units of 
ittiMsnrcuKMit. How mwch more meaniiigfnl it would be to her if 
she t()nltl talk tlie same language of measurenu^ut and be al)le to 
\isnali/(* th(; tru(i meanings of such terms as calorics, centigrade, 
^Xrijms. niilliiimnis. rr'v. liters, and so forth. ThfU she would be 
able to read iyt(»lhu;ently the results of such resc^arch and keep up 
with lUv latest dcVclopnuMits^aud discox tM'ies. And wha^ is true 
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Ht'priiitod from the W'.tsldiigton Timcs-Ilcrahly Novcmbor 15, 1945, by per- 
mission of tlu» New York \c\\s Syiulicato Company, Inc. 

of iho housewife is true of the farmer, the butcher, the haker, the 
candUvstick maker, and (neryone all the way down the h*no. The 
full use of thi* nu'tric system would go a long way in removmg- 
the '^mystiM-y" that now seems to surround science for so many 
pooph* and mak(\s it svvui a world apart. 

.•\nd finally, after stnflv of this prohleni I am inmressed by its 
similarity to many ()ther\)r()])l(Mns confronting ourTMvili/ation, so 
tluit tlu* s()lutif)n to this probU^n, as I scv it, may well S(*rve as a 
model for many others. Space docs not allow going into this. 
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However, I would like to point out several important things in 
passing. 

Fii^st of all, as a people we are very immature scientifically, and 
. we have by no manner of means reached the ultimate In civiliza- 
n. It has often perplexed me to understand how we as a peo- 
)le could so readily accept some of the products of science and 
still be SO' reluctant to accept seienc^ its(»lf. That reluctance is 
due, as I see it, to our past history and bringing up. Scientific * 
progress consists of two phases: first the discox'cry of truth, and 
second the assimilation of truth into our civiEmiiion. The dis- 
covery of truth is no good to nuut unless he ussimiLtes it into his 
• ciN'ilization. Much has been said recently about social progress 
lagging behind scientific pmgtess, This, however, is/not the case, 

t)ecause scientific progres^ovejs all real progress. What has hap- 
)ened is this: science h/s^ nu^e mjore rapid progress in certain 
fields than jn others, l/ frh<isc fields w^here scientine^icts could . 
be^readily assimilated uylune luid rapid progress, but in those 
fields vdiere fUcts had Wreis;)!^^ ideas already held J)y peoples * 
the rate of progress has'b\en cousTtkii'ably slowed. 

This brings nie to the setond point tliat I wish to emphasize, 
Frederick tlie Great made a\very sigtiificant statement; *The 
greatest pleasure which men can have in this world is to discover 
new truths, and the next is to shake off old prejudices." I would 
stress that tho biggest job confronting tlie world today is the shak- 
ing off of old prejudices and that tliis undertaking should provide 
man* witii his gr( atest pleasure. Few of us will be able to expe- 
rieiu-(^ tlu^ phvisure of discov ering a new truth, but we can all par- 
ticiput(* in the procejfs of casting off old prejudices. I beliex e that 
science has already revealed enougli of these new truths so that 
if they could be assimilated into our present civilization we would 
ha\ e today a petice and prosperity far grtuiter than our fondest 
dreams. The situation is similar in the case of the metric system. 
It is heiV. now, hwi \\v cannot realize its many advantages simply 
b(*canse \V(* liav(^ not svvw fit to cast off an old way of doing things. 
That is why I eonsidrr this prol)leni of stiuidardi/ing measure- 
mrnts to be* larut^K* a probltMn in (^linnuation of the old measures, 
I said \v<» wvxv scitMitificillv ifnnuUiuo. I.(^t\s s(*e why. In this 
resp(»ct \\v dvv still sa\agi\s. The savage has many taboos, and 
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the man who defies them pays the penalty. Simihirly wc in civi- 
lized socit^Uos'^Hiid^our minds with prejudices. We form power- 
ful groups and organizations to protect and perpetuate tliese 
, prejudices. We fasten them to a shred of truth, perhaps, and 
wrap them up with our emotions — even with life and death it- 
self, so that wo are willing to shed our blood, to wage*var if nec- 
^essarv, to hold on to those prejudices. What chance has new 
truth aijainst sncU a svstem}^ — \ erv little. We take the innocent 
and unsuspecting individual at birth and pour him fu^l of our pre- 
conecMxed ideas and prejudices under family and social pressure 
until he becomes, and probably will renuiin fore\ er, warped in 
outlook. No child is e\ e? born witli prejudices — he has to accpiire 
theni. 

That brings me to the third point^^rejndice, by and large, is 
resistance to change. One fact that s^nce has clearly estab- 
lislu*d is that we live in a world (;f changfe — a dynamic, progres- 
sive world of change. Nature will not tolerate for long our preju- 
dices, our resistances to change. She will have her waj>*^ial is 
wliy the histor\* of so-called civilized man has been a sUiffy of 
conflict and war and must continue to be so until man learns to 
shake off his prejudices. And that is why science, which arrived 
in the last few seconds of man*s history, comparatively speaking, 
Vhas become mans first great hope on eatih. Science provides him 
with^ the means of testing and proving his ideas to' determine 
whether thvy are true or not. Now if he will only use it, war and 
conflict will be a thing of the past. Nhin does not fight over es- 
tabHs1i(*(l and pr()V(>(l tnith. Thus tlie r(»spo^sibilitv is placed di- 
rtTtly on man himst^lf — and the big job right now is to cast off 
prejudice. 

Have you evcM- been concerned about th(5 next war and the 
probabilitv of its d(*stroving oiir present civilization? Have you 
owr thought of putting that ([uestion to Nature? Siic would an- 
swer, I am.surtv ''I^*es(^nt (Tvili/ation must go-r-it isn't good 
en()ugh for future generations — and either you must destroy it 
through rapid change and by giving up your man-made preju- 
dice's, or I will (lestrox* it as i lia\ e always done in the past. And," 
continnrs \atiin\ "I Wf)ul(l rrniind \'ou tiiat, in some ways, wars 
have hrvn ^lund for vou. Tiie\- have served as stcppingstones in 
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your progress. But now you ha\t^ a now tool-^scfciice. Vsv it, 
clhuinato your pi\'juclicos, and build a now civili/atioii ot peace 
and prosperit} In the wouls of John Dewey, "The future of our 
civilization depc^nds upon tlie widening spread and tlic deepen- 
ing hold of the scientific hal)it of nihul/' 

There lias been an interesting coi-nection betweeii war and the 
development and spread of the metric system. It was in 1790 
following tlie HevoUition in France tliat the. metric system got its 
start. For this reason it is sometimes called the French svstem. 
Following the Prussian War, in 1871, when Geniiany, Austria, 
and Hungary made the metric sx steni nunulatory, the population 
usMug the metric system was doubled. The population using the 
metric system doubled again at the elpse of World War I, 1920- 
1921, when Russia, China, Japamxmd Turkey miide its use man- 
datory for their people. Tocbf 75 per cent of the world's pop- 
ulation uses the metric spfem, and fiftv-fixe out of fift\ -seven 
so-called civili/.ed states in tlie world u^e it. That lea\es only two 
n'ol using it. and wlio do you suppose tliose two aie? They are 
the world s two great democratic groups, the Ikitish Empire and 
the United States. That should give us some concern abcmt ^'de- 
mocracies," Init space does not permit discussiiig that, either. 

The metric systtMU is nothing more or less tluui the application 
of tlie decimal number system to measurements. Science and 
mathematics go hand in hand. Mi^thematics is one of the most 
important tools of science; so let's take a look at the histcny of 
mathematics to get a little backgroimd. It is said that the use of 
niatlKMuatics is nnc of th(^ measures^f a civilization. The savage 
could comit ami nu\isnri\ LatiM* man could do simple computa- 
tions. If hr had six rows of corn with sexen hills in a row, he 
could sav f) tinuvs 7 (^([uals 12 instead of ha\ iiig to count each hill 
to find the IoIliI. Now It^t s work a simple problem in computation 
as \\(» would ha\e done it fivi' or six luuidred years ago. I.(^t\s add: 

nCCCCLXXXXNl I 1 I 
CC XX V 

Mcc X X nil 

How would \n\i likr to work prohkMiis by this iiu'thotl today? 
You would not lik<' it; \ct iha is [)i()l)ably tlu' way you would In- 
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* ttoing them if it had Hot hcjuii lor another war. The Romans, hke 
us, ANvre [u'ctty well satisfied witli their civiHzation. Then about 
A*i). 1500 tlie Hindu-Arabic s\ stem superseded the Roman system. 
As a result we work the al)0\ e problem today in this manner:" 

999 

• _225 ' • " . 

1224 

You say there is a big difference. Y'es. But I want to say that 
there will be a bigger difference in our method of working prob- 
lems wiu'u we have made full use of measuiement units decimally 
rehited than there was after the change to the Hindu^Arabic nu- 
meral system from the Roman numeral systeml 

The ilindu-Arabic s)'stem is a "tens" s)stem, the value of anS' 
digit in a whole number \ arying with its plape in the number, 
starting with units at the riglit and increasing to the left in the 
order: units, tens, hundreds, thousands, and so on. Each place 
value is ten times the place value to its right; thus 999 means 900 
plus 90 plus 9. 

The Arabs also brought the Romans a method of dealing with 
parts (){ a whole — fractions. They had learned about fractions 
from the Egyptians, who were believed to have developed them 
ill 1000 n.c As a result, the Romans became able to work with 
luiNcd luiinbers.— a whole nuni])er and a fraction, such as 999 3/4. 

■[ hen ill l.^S.") .Simon Stevin, a Flemish mathematician, made 
oiu- of the greatest iuvcnlioiis of all time. In man s history it will 
rank with tiie iiuciitiou of the wheel and the discovery of fire. lie 
took an ordiuaiy dot (.V moved it to the right of a number, and 
made a deciiiiai point of it. Without that decimal point I doubt 
whether we could luisc won World War II, for without it we 
could not have done much of our higher mathematics, .such as 
logarithms, ( akiiliis. and the like. Kinstein could not have devel- 
oped the e({iiati()ii for the traiisiormation of matter into energy, 
without which we could not have developed Uie atomic bomb, 
nor e^)uld (>1erk-Ma\well ha\e predicted the radio wave fifteen 
vearK before it w.i.s actually discovered and made the basis for 
p^'sent-day radar. 

The (leeiuial point extended the "ten.s" system to the right as 
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well as to the left. It made it possible to decrease by tens af well 
as to increase by tens. Moreo\ er, it made it possible to handle a 
whole number and a part as easily as a whole number was han- 
dled before. It also provided for a great increosc in the fineness 
of measurements. But most important of all as far as we are con- 
cerned here is the fact that it made the use of fractions for most 
purposes obsolete. However, since we have been thinking in 
terms of fractions for some 3,50() years, it will be necessary for us 
to make > conscientious effort to get rid of them if they are to 
disappear in actual practice. 

The metric system, being based on the decimal system, starts 
out with a basic unit. The next larger unit is ten times as large, 
the next smaller unit one-tenth as large, and so on. As a matter 
of fact, we can begin with an\- unit in the s\stem and this same 
relationship holds. • ' - 

To illustrate further, let's take an example of our present use of 
the docinial system, the Ihiited States nionetavy system, and con- 
trast it with a fractions .monetary system, that used by the Brit- 
ish. We can make change with" comparative ease, whereas the 
Briton has to memorize a rh\ me in order to make change. Onr- 
prices are listed as one number, .such as $1.98, but the Briton has 
to go to the trouble of stating the number of pounds, shillings, 
pence, anU so on^ separately. If we were asked to change back 
to the Engli.sh monetary system,^we would have none of it; we 
would coiKsider it a step backward, as it would be. In this con- 
nection, I would call to your attention the fact that no country 
ha\ iug once adopted the metric .s\ stem has ever returned to its 
fonucr system. 

The same simplicity that we find in our decimal monetary sys- 
tem is found in the metric system of measurements for weight, 
l('n'j;th. volnnu'. and temperatinf. Let's show this by working two 
simple problems, side by side, in the two systems. Our problems 
will call for converting smaller units to larger ones. 

Ifil u'lllill^t'tt■rs -- IG.l lUrinictfrs - 1.01 iiu'tcrs 
101 iiuh.s 12 iVrt \ IT y.mls 

In the metric s\ stem the con\ crsion is sim[)ly a matter of shifting 
the decinuil point one place to the left to get the next larger unit. 



.l« • THE METRIC SYSTEM 

But in the, English system to change inches to feet it is nccessan* 
to cli\ ide In 12, and since I cannot readily d<rttis in my mind, I 
must SL't it down as a diN'ision problem and work it out. Right 
.awa\- I am in\oh'ed in fractions. To change ft.vt to N-ards I must 
di\ ide by .3, a small enough number, but again I run into difficul- 
ties because I ha\ e to divide a mi.xed number, that is, a whole 
number and a fractioii. 

Let us work a problem in figuring costs, starting wiili coirre- 
sponding units and detercirnhig^ie^cost for smaller units. 

If 1 metric ton Hiit if lloiijir ton . 

, $100:000.00 costs- . \ .<» 160,000.00 

then 1 kilogram tosts .$160.00 then 1 pound jo^^^jk .$71.43 

and 1 gram costs $.16 and 1 om\vv costs " $4.46 

Since a metric torn contains 1,000 kilograms, all I need to do is 
shift the decimal point three places to the left to get the. cost per 
kilogram; and since there are 1,000 grams in 1 kilogram, I again 
shift the decYinal point three more places to the left, and I have 
the cost" per gram. Contrast this with the work inNob ed when 
English units arc used. One long ton contains 2,240 pounds, and 
I am forced to work a problem in long di\ ision to find the cost 
per pound, with the chance that it will ne\ er come out integrallv. 
To change pounds to ounces I am again forced to work a long divi- 
sion problem to find my cost. 

If you consid<>r the English system of money stupid, what must 
> ()u think of the English system of measurement? Let me ask von 
a question: Which is heavier, a pound of feathers or a pound of 
gold? You will probably reason that gold seems hea\ ier but that 
since a pound is a pound, they nnist weigh the same. But vou are 
wron<r. The pound of feathers is hea\ ier. In fact, it would take 
about 4 pounds of gold to ecjnal the weight of 3 pounds of featli- 
ers. Yon sec. there are two kinds of pounds, the avoirdupois 
and the troy. Yes. and there are two kinds of (juarts, dr\' and 
li(}uid, and fifty-six kinds of bushels, which vary from state to 
state and also according to commodity — apples 50 pounds to the 
bushel wheat 60. oats .32. rye 50, and so f)n. An official United 
.States bushel contains 2.1.56.42 cubic inches but for taiiff pur- 
pos<'s bcconics a "'heaped" bnshel of 2,747.715 cubic inches, an 
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iuc.casr in size of 27.8 per cent; yet in Connecticut it is 2,5^^ 
cubic inclios, whereas MiobiJ^au says it "shall be heaped as hi|ir, 
as may ho w ithout special efforts or design." There lu-e nine dif- 
ferent kinds of barrels, eight kinds of tons, and so on; In fact, the 
U.S. National Bureau of Standards ulics over five hundred pages 
of fiwe t\ pe to do the job of defining all the units. 'Yes, it is both 
ridiculous and stupid. But )ou people are responsible— not for 
starting it, of course, but for permitting it to continue. 

Xo\v let us take a problem in computing volume. It will show 
nitf'lv the contras^etvveen a fractions system and a decimal sys- 
tem. I am taking this problem from an article of mine which was 
published in the N.Iari.h, 1946, issue of the Minnesota Journal of 
Education eniillcit "Let's Eliminate Fractions."' Here we can 
compare the space area used in working two equivalent prob- 
lems: finding tlie vohune of the same tank as measured by the 
two svstenis. Here is ithe problem in EngHsh measurements: 
Find the \ ()l.unie in cubic feet of a tank 4 feet 9 7/16 inches long, 
2 ft'ct 3 5 -^2 inches wide, and 1 foot 11 3./4 inches deep; In met- 
ric measnienients the problem is: Find fhe volume in cubic me- 
ters of a tank 145.89 centimeters long, 68.98 centimeters wide, 
und 6()..>3 centimeters deep. The solution of the English prob- 
lem rc(jiiiies a working area of nine tinies the area required by 
the metric problem. Moreover, the solution of the Enghsh prob- 
lem in\r)lves two separate operations of long division as well as 
the difficult operation of multiplying a fraction times a fraction 
times a fraction. The solution of the metric problem involves only 
straight muUiplication of three decimal numbers. Then, too, con- 
sider the time in\ ()K ed — a clock would be' needed to time an 
.Vmeriean child in working this problem, while a Kussian child, 
for ex.uiiple, in working this same problem his way wOidd have 
to be timed with a stop watch. 

In the (hug ])usiness it is often neee.ssary to increase or de- 
erea.se a fornnil.i. as. for example: Increase six times the forninla 
0 poinuls 11 oiniecs 137 1 2 grains.. The an.swer is 40 pounds 3 
oimees 3S7 1 2 grains. The .solution retjnires forty-eight figures, 
not including abhre\ iations. In the metric system a similar prob- 
lem would he: Increase si.x tinns. the fornuila l) kilograms 977 
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grams. The answer is 41 kjlogram" 862 grams. Only ten figures 
are required. However, in actual practice metric measurements 
are usually stated in one unit Expre;^-sed in this way, our original 
form\ila would read 6.977 kilograms* In this case only three fig- 
ures ore required to increase the formula, in contrast with the 
forty-eight required in the case of the English measurements. 
The results of using the metric system arc a great saving in time 
and a great decroa.se in the possibilities of niaking errors. yThese 
advantages mean gveuter efflcitncy. / • 

One factory which switched to metric measuremenrt estimated 
that in one year it sa\ ed'ten times the cost of new measuring de- 
x'ices. A railroad company estimates that the metric system Would 
save $50,000 a ) ear in paper work alone. During World War II 
the weight of a sack of flour was changed from 48 to 50 pounds 
and the weight of a barrel of flour from 192 to 200 pounds. Such 
a simplificattDn as nuM cly rounding out a number resulted in the 
.saving of much tiim* ami money, as all concerned will testify. All 
benefited — the prodiuvr, the shipper, the merchant, the con- 
sumer, and the government. It was much easier to make out bills 
of lading, to figure daily production and costs, to make out sta- 
tistical reports, and to carry on all the other processes where fig- 
ures and mathematical computation were involvqd. If results like 
tlu\se follow so simple a change, what would be the effect if we 
went all the way and changed to, the metric system for all pur- 
poses and uses? Truly it woi^ld be revolutionary, increasing our 
efficiency in all walks of life. 

The metric system, in addition to its simplicity and its decimal- 
ization of units, provides. a one-to-one correspondence between 
WfMght and measure. It is in reality one all-inclusive system, 
wluTcas English measurements consist of separate, unrelated sys- 
t(»nis for weight, le'n^tlu and volume. For example, 1 cubic cen- 
timeter of water weighs 1 gram, whereas 1 cubic foot of water 
wcitrhs 62.4 pounds. The result of the correlations within the 
metric syst(»m is tliat \\\w\\ we find the volume of water in metric 
imits, we also have the weight. If the volume is 10 cubic meters, 
tlu» weiLjht is 10 metric tons. This is far from the case in the Eng- 
lisli system. If tlie latter is used, seventy-one figures and a knowl- 
edge of multiplication of mixed numl)ers are required to find the 
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' weight of A tank filled with water when th<i tank measures 4 feet 
•hv 3 feet 6 inches by 2 feet 4 inches. It takes only twenty-one 
fissures and no kn(^U'ledge of the rather intricate multiplication of 
ujixed numbers to fincV tlie weight of water in a tank 4 meters by 
.5.6 nieters by 2.4 meters. 

; I b"olie\ e tiuit in a few years it will be possible ti) enact tlie 
neeessi}r\- federal legislation. to adopt the metric system and that 
in the meantime an extensive program should be set up to build 
a strong public opinion in fa\ or of the elimination of the English 
system' ^'ow, what about it?' Are you willing to help eliminate 
tiie obsolete English sy-*tenrin the next fn e Vears or so, or do you 
prefi'r to U>t^the* present state of confusion and inefficiency drag 
on for;«fiothcr three hundred years? Are yoti wiUing to condemn 
\ our children and your children's children to waste a great deal 
of their time and energy iu school, and then have them turned 
out as liandicapped persons — persons who can't think in decimals 
— persons who are ill (>((uippod for scientific work and thinking — 
pcrsbns who are not vwu qualified for simple jobs in those indus- 
tri«'s now using th(> decimal metric system? This is your respon- 
sibilitv. What are vou <j;oing to do about it? It is. time for action^" 



■ . W('i<2;hts and Measures Throiigli the Ages 

JOSE •OlVnZ .MONA.STKHK) 

IWeiw (lay and in many ways we poor mortals are led to believe 
that we ba\e advanced on the road of civilization. 

Wi.'.are f;"imiliar today with" a great number of contrivances 
which wcMiUl, no doubt, bewilder, perplex, confomul, and shame 
tlie men of days gone by; but, jn the midst of our triumph, we 
hciNc to humble ourseU es when we realize that we are, in some 
\ cry important as[)ects of our daily lives, as badly oil as the de- 
^ St ciicl.iiils Noali. 

If we Inu k and n ad the ehnciitli ehai)t(>r of Ctnu sis, we find 
thi> sj,()rv vi" the biiilcHng of tlie famous tow(>r of Babel, erected 
\^_^v the niciij^nf those chiys who w(>rt> the d(>scWlants of Noah. 
Aceonlin'j; to tins chapter of Ceiu'sis. mankiml^sjuch in those 
(lavs constituted a siuiile. uiiih>d bodv and possessc\l the same 
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language, came, in wandering around, to a beautiful valley in the 
land of Shiiiar. Men felt, as we do today, that they had made 
wonderful adNances in the lut of construction, and they de- 
\ ised a plan to use, for the first time in the history of mankind, 
baked bricks as building niaterial and l)itumen as a mortar. They 
^epn\sentcd, in fact, the first city builders. Unfortunately, they 
were 'also fired with the ambition of erecting a tower so high as 
to reach heas en, a hyp^Mbolic expressi(;n which means that they 
were possessed by urrogauFe and pride. And on that occasion, as 
always happens when men get drunk with pride and imagine* that 
they are higher than others, Jehox ah decided to check their am- 
bitious designs. lie brought about a confusion of tongues so that 
those working together in the erection of the tower could no 
longer understaiul each other; and as a result, of this they were 
dispersed ONcr the face of the globe. 

Since that day men ha\ e Jiad difficulty in understanding one 
another, because of the di\ersity of languages. As a consequence"^ 
of this curse men, when they found out in their daily life that they 
had to establish units of lueasurenient in order to be able ^j) trans- ^ 
act all kinds of business. betj;an to establish units or standards, 
which naturall)' v aried from owe country to the next, thus adding 
to the existing confusion of tlic languages. 

The div ersity of units of measurenuMit, which, as in the case of 
lan<4uage, was the natural result of the conditions of existence of' 
the difh^rent j)e()ples/had at legist one encouraging element: sev- 
(^ral units wert* liased on parts of the human bodv. Notwifhstand- 
ing this fact, tlu^rc* was a difference b(^tw(HMi these units, because 
tliKioot of tin* ICgN ptians m(\isur(^d 26 ceutinieters, while that of 
\v CVIialdeans and .Assyrians was a little loug^n', 32 1 millimeters, 
hr Persian foot was 32 centimeters, but th(* (Ireek was 296 milli- 
meters and, Hually, []\v Roman foot was 295.7 miHuuetcTS. 

At tlu* fall of the Roman I'aupir(^ metrologx was geu(M'al!v based 
ou [hv syst(Mn of measm-(vs of []\v Romans ])ut later new ones were 
iiilroihieed iii ihv difFcM'cut iMU'opeau kiu'j;doms. with rcvsult 
tliat comuuMvial iiitercoiu'se ^uuoug these eouutries was luade 
difficult. 

r!liarl( iiiai;ue was oik* of tlie first to trw during tl (* (Mu;hth ccn- 
Iwrw liy the C,\ipitular\' of Ai\-la-Chap(*llt*, to iniilv* the units of 
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.luoasiiiv. C:harU\s I (if France, "tlie Birfd, " l|)y his decree of Pistes, 
conutiaiidod that^all units of UKMsurc in his kingdom should be 
adjusted to the standards deposited at his palace, but he did not 
succeed, because the nobilit) , especially the poor country squires, 
•found it an ad\antage to continu^^ dcrixinj^ a revenue from the 
jnspection and marking of measures. Later, Philip IV, **the Fair,'' 
and Philip \', "tho Tall," tried in \iyn to correct the confusion 
existing in France with the units of liieusurcment in use, which in x 
fact were different from one pro\ incc* to the next and e\ en from 
one town to the othe^ In the year 1540 Francis I and in 1575 
'Ileiuy III tried again, but without succ(\ss. Not mitil the seven- 
teenth century was France able to unify, for the first time, her 
system of weights and measures, following tha ideas of the Abbe 
M(iutoiK 

I ha\e selected Aie foregoing brief rc\ iew of metrologv in 
France because it is h pical of what was going on in the other 
leading nations of modern times and also bcc^usS we owe to 
l-'rance t\w only real serious and scientific appi-pach to. a simple 
and mn'ficd svsteni of weights and measnrtuuents. 

In his system of measures Abbe (Gabriel Mouton selected a:: a 
national rmit of length the niinnte of 1 ' of arc, and he gdve to 
this unit the name of milliarc and subdivided it by a decimal sys- 
tem iuto tl»(> c'entm*ia, d(»cmia, virga, \ irgula, decima, centesima 
and milKvsinia. rnfortunately the Abbe died without having seen 
Ills ideas adopte^d; nevertheless his ktciis on metrologv were, in 
principh\ adopt(*d later on. ( ^ • ■ 

Following this attempt were the attempts of the English itrchi- 
t<»ct \\Ven, r.t the Firnch astronomer Picard, and of Iluygens, 
who decided to use as the www of huigth the one correspondin<r 
to seconds pendulinn. 

In tin* \ 1790 the great Talleyrand had a law passed by the 
National Assembly for the unification in France of the system of 
W(Mu;hts and uieasin-cments. A conmn'tttv of the Academv of 
Sci<»nces was entrusted with this work, and the nuunbers decided 
to use the ten-millionth part of iht* fourth of tin* earths meridian 
as th(» um't of length. I'hus tht* metre, or nu^ttM*. came* into exist- 
ence as th(» base of a sci(Mitific\ sin)pl(\ and dc^eimal swsttMU of 
weights and measures. 
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The new system wasifinully adopted by France on April 7, 1,795 
(IS Geiininal, An. III). Notwithstanding tlic eventual absolute 
:• success of the metric system, it js well worthy of notiu^hat- at first • 
its progress was -slow. .Belgium. Luxemburg^ and llt^and were 
the ne.xt countries to adopt it,\nd by the end ojMhe^ne- 
teenth century it had become -the standard of forty naSlJiii^d 
had attained world-wide use in science, V . 

It is bewildering that tlie United States and the British Empir^ 
.two leaders jn manufacturing and exporting, still cling to theirj 
unscientific, antiquated system of weights and measures. In favor V 
of the use of the metric system all o\ er the United States, we have 
the highly authorilatix e opiru/n of Samuel W. Stratton, formerly 
Directcn- of the Bureau of Standards, who writes: "Commerce, 
technology, and science ha\c, on aeeount of their international 
character,' availed themseh es of the adx antages of the metric sys- 
tem more than manufacturing, which is local, and, unlike export- 
ing, liot in direct touch with world markets. Ilenee, science and 
connnerce, with their world-wide ovitlook, should be the advisers 
of industry, and their eonelusion is that^hc first principle is to 
siipplv what the enstonu-r needs, and tliat international business 
re(juires international weights and measures." 

.\.s to the wa\- scientists in Er.gland feel abo'ut this matter, we 
ha\e the following emphatic opinion from the late Lord Kelvin; 
T heliex e I am not overstatintj; the truth when I sav that half the 
liiiic nceupiAl b\- elerks and draughtsmen in engineers' and sui- 
\cVi)rs" ojfkvs— I am sure at h-ast one-half of it — is work entailed 
\i[^im them by the; ineonveuience of the present farrago of weights 
■AuW uicasiire.s. 'i'he introduction of the world Metrical System 
will prochiee an enormous saving in business ofTiees of all kinds — 
(■n'j;iuc(Tiu'^. eiMunicrc ial and retail sliops. ' ' 

^ Furthermore, when in th(^ year 1895 a deputati(m advoeating • 
the introduction of the metr'iv s\«tem into England consulted the 
(ipiiiion of Avtlmr |. liallour. he used tlie following words;; "Upon 
the merits of the ease I think there ean be no doubt whatever that i- 
the judgment of the wlioU- civilized world, not exeludiug eountries 
whic h still adhere to the auti(juated .systems under whieh we suf- • 

'nii..t.<l Willi [icrmisMi.u Iniiu WorW Metric Shindnrdizdlum, hy Aubn-y Driirv 
.n..^..tl„I^ .\\..il<l \I. Ill, St Mi.l.iiili/. titiii Ciiiiii. il. S.m Fr.iiu iMi), V-ill). p. •» 
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lVi\ lias long (Jt»ci(led that the metric system is the oilly rational 
systcMu/'- ' 

It is indeed hard to ynMerstand, after learning of the opinions 
of tiie leaders, ho\\;tlic United States and the British Empire still 
^hold fast to t1ieir\mtiquated, unscientific, irrational hodgepodge 
ofnveights and measures, when the rest of the civilized world is 
already enjoying the ad\ antages of tl7e metric^system! It looks 
t(i me like another case of prid* and aruQgi^Ace similar to the dne" 
which brought upon humanity the curse ofshc, confusion of lan- 
guages. Today, in the (M'a of air nax igation wlucii has brought us 
a icw hours' time from*lie remotest points of \\i globe and, as 
a consecfuenee, is bringing together tjie men of all latitu.des, it 
would be a-nu)st fitting contribution to the causi of good uilder- 
standiik^^among men, if the great English-speaking nations of the 
British Junpife and the United States would make comjMilsory 
the use of the metric system in their conunercial intercourse witii 
the rest of tlie world and within tlieir own boundaries. 

• 

Is All This WvalUj Necessary? 

** CHANNINC; rOLLOCK 

A KiUKM) in London once confided in me that he had never spent 
a holidav on tlie Continent because "they drivcon the wrong side 
of th(* street." N(H right side, while we drive on the left," 

nn'nd you, but "on \i:nm<^ side/' I've often related this as an 
illustration of nstincti\e intolerance, but its even more an in- 
stance of how firiiily om' ha])its become fixed, and hoW much we 
are troubled l)y th(* fiecul of setting them aside. 

As a matter of fact, I wonder why old dogs must fore\er be 
learning tricks? ICvery time one crosses a border in Europe, 
()/, to some degree, in tlie IMiitixl States, there are strange cur- 
r(Str'i(*s. customs, langllag(^f^veights. and nu^asures, and what not, 
which [)artly e\[)]ain wliy tlu* p(M)p](* witli wliom they are regida- 
tion continu<' to st»em strangers. Few AnuTieans realK* speak 

•9 

" Hi'j)riMtt tl fr*»ni Tlir l{i>tarum jor April» Hi Hi. with pt riiUNsiou (j1 ihc pul)liNlH r 
of llic aulliur. 
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English, and fewer Englishmen speak Anierican — botli actually, 
v^.. as many different tongues as there are locaHties — but all of us 

understand^one another, and that s the chief reason for the bond ^ 
between tlie two nations. A man belongs to your lodge when you 
. ^ use the same high-sign, and ever) body has a weakupss for mem- 

bers of his own lodge. , 

Homo sapiens, who isn*t always so sapient, doesn't want to be . 
l)othered or eonfused, and Heaven knows there's been plenty of 
^ bother and confusion when he began mixing with "foreigners." 
Take money, for example — and most of us are willing to takfe as 
' ^ much of it as we can get. But ex en a seasoned old trax'eler like 

^ myself can gi> haywire trying to recall how many cents make a 

penny, and whether drachmas or taels make sense. 

'^I siiall ne\er forget my first arrixal in Hong Kon^ — from' Java. 
The porters refused to accept any of tlie x arious currencies in my • 
pockets, so I caVried the lot to a money-changer near the hotel 
\Wu) calculated with an al)acus, or bunch of wooden balls sliding 
on wir(\s. and I shall ne\ er know how I happened to get what I got 
for Tnv coin collection. Neither shall 1 ex'cr know what it was 
worth on the liome groinuls. An\ \va\\ it wasn't worth much when 
\\ v vwivvcd the nc\t Province, because every Province has its own 
currencv and snoots the other fellows'. In my opinion, the Chi- 
nese are tin* most liWarly eivili/ed people on earth, and why they 
nuist ha\e as nian\* kinds of monev as Americans have accents 
coniplefely baffles mc * 

Not that, in any area of ccmiparable si/(\ Kurope is better off. 
Von (wnt travel overnight from Paris iii any directi(m without be- 
ginning tlu^ nc \t day by (exchanging your bank roll. Mostly, value 
is fixed by thv Jc^cinial system— ^or, rather, in recent \ ears, it hasn't 
been fixed at all. 

When the Anu*rican Kxpress in AtluMis begged me to pay my 
bill in Italv, where nionc^N' was more stable, I thought, "Thank 
HcaNc^n, the American dollar is always a dollar" — and found it 
wasn't before I rc\iched Fl()rent'(\ b(»caiise, nu^uiwhile, America 
liad tj;(;iu^ off tlu^ u;old standard. All that, of course, is -a (question 
apart, and it s about to be auswcr(»d; we re told, by agreements in 
Urclton Woods, or th(> Black l^nest, or somewhere. What's eatin' 
nic is wh\ theie shonkhrt be some sort of a coin or bill that can be 



ERIC 




SYSTEM IN MEASURES 19 

.expended as easily, in London or Bangkok us in New York. Wliy 
was it ever necessary tor the average \isitor in England to go 
id)out reeithig, 'TVvelve pence make a shilling, and 20 shillings a 
pound, unless it's a guinea, and then it's 21, hut what in heck is 
half a crown '? 

0 

; ^^'aights and mcasnrcs are a little less wuied beeause, in 1799, 
delegates from almost |f\evy\vhere got together hi Paris and 
adopted the nietrie system. From almost everywhere, that is, ex- 
cept Britain and the Uimed States, which eling to different ver- 
sions of the imperial systein, thus complieating life a little bit 
more. The metric system has been legalized both in Britain and 
in the United States, but, as it isn't eonnnonly used in either coun- 
try, that doesn't seem to make much difference. 

Don't ask any Englishman or American what tjie metric svstem 
/.V, and, if vou begin readhig about it, and discover it to be based 
on the fact that the meter, its unit, is intended to he one ten-mil- 
liontli part of the earth s meridian quadrant, and is so ver}- nearly, 
you'll probably stop right there. Most of us do know that the 
metric system is a decimal system, and ten meters are a decameter 
dfid 1,000 a kilometer^ or ten liters a decaliter, and a hundredth of 
a liter a centiliter, and that's all to the good, but something snaps 
when you try to translate on tlie basis tliat a yard is .91440 meters, 
a tn)y ounce Sl.lOoo grams, and a fluid ounce 2.95625 centihters. 
That sort of figuring, I believe, is what turned Professor Einstein's 

. hair white. At any ratts you can say, *One tliousand meters are a 
kilometer," rather than having to remember that 12 incites are a 

^ fjitft, 3feet a yardv and l,/60 vards a mile. How manv square feet 
are in an acre, no one but surveyors lias exer known, and only 
druggists and licjuor dealers trv to recall how many gills or fluid 
oimces are in a pint. / 

After all most of hJiis needn't trMu])le mosc of us verv mucli, 
but. when you liave tclbcgin traiisJating ([uarts into litcM's or miles 
into kiloiiicti/rs — W('n.Ni;jniv^^ used to sav, that's a 

gray horse* of aiiothiT color. 'Jlie answtM' to so coniiuonplace a 
({ucstioii as "Hoxv^far is it to the lU'xt xillagc?" becomes an exer- 
cis(» in mental arithmetic for anv laiglislunan or AiiuM'ican. Of 
eours(\ it xou eaii reiiieinber it — or exi'ii if you eaiTt -a kilometer 
is approximatelx fix e-eighthh of a milt*, but that only makes it more 
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difficult. The signpost informs you, "Brussels— 326 1/2 kilome- 
ters." QUICK; how many miles is that? Einstein, or Joel Kupper- 
nuui, of the Quiz Kids, might repl\- proinptly, ''204.0625 miles," 
l)ut it's dollars to doughnuts you can't. Ninety-nine^but of 100 
wandering Englishmen or Americans simply divide the number.of 
kilometers by two and add oiie-fonrth of the result— i.e., 100 kilo- 
meters are oO miles plus one-fourtli of 50, 12 1/2, or 62 1/2 miles— 
biit even that di.stracts your attention frbim driving, and I have 
had friends— particularly woman friends — wjio got results not a 
bit like those I ha\e given. My own spouse, who is e\erything to 
me but a'liglitning calculator, once assured me that it was almost 
exactly 4,000 milbs. from Cherbourg to Paris, though neither she 
nor I c\er discovered how it got that way. At any rato, wouldn't it 
be simpfcit and easier to measure distance by miles everywhere, 
or, better still, to use the metric system in England and America 
as well as in the rest of the civilized world? 

Failing this, the wife aforesaid suggests that a kilometer be 
made precisely half a mile, and a stone 10 pounds, instead of 14, 
which puts it be)ond her mathematical powers. Frankly, I don't 
think either device would work, or that we could induce the Brit- 
i.sh to take ten pence for a shilling and ten shillings for a pound. 
No; universal systems would be a lot more practical. Until they 
arc adopted, I, for one, shall never know whether it's hot or cold/ 
at 70 degrees Centigrade. The fact that the freezing point oft^ 
water is 32 degrees Fahrenheit, and the boiling point 212, while 
the\' are zero and 100 Centigrade, means nothing in my young 
life, and never has. Once in Caml)odia, after I'd said 20 times, 
"I can t stand this heat," I found the mercury at 50 Centigrade, 
and .stopped perspiring. One rule for jcducing Ceutigrade tem- 
perature to Fahrenheit is: subtract 10, subtract from tlie remain- 
der one-tenth of itself, double the last remainder, and add 50 to 
the prochict. Is this a procedure to appeal to a man who merely 
wants to know whether he's comfortal)le? I ask you! 

If yoii've ever attempted piloting a nu)t()rcar through the Ini.sy 
streets of London, you realize it's etiual^- dilficult, wheu \ ou sud- 
denlv meet another car ronudiug a corner, to reuieniber that \ou 
unist pass it on the left. A morning of this gives one sympatlietie 
nu( erstandiug of my friend who dechned holidays on the Con- 
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tincrit, where, as with Americans, you drive on the right side of 
the highway. There are a dttzen explanations of this. difference in 
custom, most of them based on the idea that ^ man wanted his 
sword arm free, hut the need of swords in the street went out so 

» long before tlie automobile came in that you might as well^eat 
your food raw because once we didn't know how to make fire. In 
America, the legend runs, people g(ft in the habit of turning right 
because so many people traveled on.horsclback and by keeping to 
the right of the road, the right. hand was free to draw a weapon. 
In Britain, howrx er, the driver of a six-in-hand coach rode a horse 
on the left side in order to ha\'e full scope in swinging his whip. 
This is probably poppycock, and we drive on the right or left 
merely bt^eause our ancestors preferred one or the other, and we 
laek(?d i\\v initiatix e to choose which we prefer. Just as the streets 
in Boston are said to follow the original cowpaths. 

The same thing is true of writing, spelling, and speech. One 
group of t;ncestors made one set of sounds and another group an- 
other set, and \v(^ went on with it. At least 1,000 different lan- 
guag(\s are spoken in this world, and each of them with variations 
and additions of LU'got. Small tribes of savages, often numbering 
onlv a few hundn^d iudi\iduals, cannot understand other and 
equalU' small tri])es in villages a few miles apart. The Swiss use 
four (liffereut tongues in thcMr one tiny nation, and when I lived 
there in ISyO, all shop and street signs in Prague were printed in 
(>(M'man (Did C/ceh. As my fath(»r was, a man may be the master 
of t(Mi languages, and y(*t \ isit a do/en lands where he can ask for 
a boiled oiiK bv crowing like a rooster. I have a certain 
amount of syiupathy for an unlettered friend of mine who used 
to i!;(*t very aiiun' beeausc* the Parisians couldn't understand Eng- 
lish spok(Mi with wiuit she bi^lieved to be a French accent. Cer- 
tainly, it (lo(*s not r(»fi(»et vvvdii on our civilization that, after cen- 
turies of iiiixiujj;, oiu» population is practically without means of 
fonuiuniit vitinii; \\ itii the otluu\s. 

Aduiitti'dK , the answrr \s]\\ easy. Scholars have invented 
nianv "nui\rrsal languages ' — chicflv Esperanto — without induc- 

, \\n)vv thau a feu hundreds or thousands of people to aecjuiie 
fheuK l\lh)rts to niak(» Faiglish nnivcM'sal, all(\tj;e(lly be.cUuse it is 
the- i»,.)ther tt)iiniie of nearly 200 million, but ri'ally, I suppose*, 
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liccauso it s our motHcr tongue, have got nowhere. French is 
called "the language of dii>loinats/' but there have always been 
plenty of statesmen wlio didn't know a word of it. Perhaps in 
time, now that we ha\e about conquered distance, and peoples 
co-mingle as ne\er before, wo shall develop a tongue t\iat is a 
mixture of all tongues, and can bp spoken by all peoples, but don t 
bet on it. You probably ivouJd be safe in wagering that ?uch a 
development would go a long way toward universal understand- 
ing and friendship. 

AuNAvay, there seems little doubt that many of the bothersome 
differences in money and measurements and suchlike are due to 
he eliminated. Generally, Fm agin stiuidardization. I shall never- 
forget my disappointment that I could take a trolley car to the 
pyramids of Giza,. and that, wlien I got there, I was only in an- 
(^ther- kind of Gonev Island, I've never considered a vacation in 
the United States, because fruit cup is the same in San Francisco 
that it is in New York, and equally inevitable in both places and 
all points between. ' I should, or shall greatly dislike a world in 
wliich all people and places arc pretty much the same, and you 
have to call up the stationmaster to learn whether you're in Can- 
ton, China, or Canton, Ohio. Nevertheless, it does seem to me 
stupid, and opposed to/ general amity, that I can't say, "Good 
niorninii;^ to a brother outside of two or three nations without an 
int(»rpreter, or find exactly how much beer iVe drunk on an after- . 
noon in Amsterdam without multiplying by 4,5459631. 

Development 

The Karlv History of tlie Metric Svst(*m 

KinVIN W, SCHHiaBKH 

It was down in old Nh^xicp that I had my first real introduction 
tf) \}\v mi^tric system. 'Tis true I had met the meter and her chil- 
(IriMK Ci'Utimrtcr, niillunctrr, and little microriy in a formal way 
while busy in tlie la])orat()ri(\s at the nnixersity in ^ny undergrad- 
uate* d«i\s — hut that was a cold and sci(Mitific accjuaintance. Un^ 
d(T a warm south(M ii sky, with the sun doing its full share to 
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brighten the picture, I read in no uncertain letters, on a freslily 
paintecl <\\iyi which was posted on a Httle railway station in old 
Sonora: To Calexico, 33.5 Km." So here upon a common road 
(not a royal one) kilometer and I met face to face. From that 
friendly meeting with a member of the metric system a desire was 
kindled within me to know more abrtut the family history of the 
-meter, and since that time I have picked up some interesting factfi 
covering the whole famil\\ some of which it is my purpose to re- 
late at this time. | 

Mother Earth is the mother of the nic^ter. The French scien- 
tists who devised this unit of measurement at the close of the 
eighteenth century planned that it should not be dependent upon 
anv particular ni^iisuring stick of Innuan constmction but instead 
should bear a definite relation to the dimensions of our globe. The 
art of measmung the eartli and determining its shape, known as 
geodesy, bad already made much progress, and no other people 
had contributed so much to it as the French. It was not;strange, 
therefore, that the authors of the nu^tric system should decide to 
take as the ])asis of this system a meridian of the earth — a circle 
passing through both poles. For greater exactness (since merid- 
ians are not all of precisely the same length) they selected a par- 
ticular part of a particular meridian. They decided that a meter 
should be the ten-miUiontli part of the distance from the North 
Pole to the equator t}A'asure(l on the meridian pa^ssing through 
.Paris. ^ ^ 

In considerinii the genesis of the modern metric svstem as a 
universal s\stem founded on an invariable standard and sym- 
metricalb and eons eniently develop' d, it is necessary to go back 
to. (;abriVl Mouton (1618-1694), \icar of St. Pauls Church, 
L\ons, wlu) first proposed in 1670 a coniprehensi\ e decimal sys- 
tem ha\ ing as a ])asis thr lengtli of an arc of I' of a great circle of 
the earth. One ininiite.of arc would gi\(* tlu* lengtli of a miUiare, 
which would Ix^ sululivithd 'deeinially into cdnturia. decuria^ 
virfi^a. vir^iuhL drrimriy ccjitesima, miUrsima, The iir<i(i and vir- 
<^uhi would lu' the chii'f units of the system eorrespoiuliug to the 
toisr and the f{)i)t then in use. Tliis geometric foot {x ivii^uhi (^ro- 
mrtriea^ was further dt'fined by Mouton as corresponding to tlic 
lengtlroF a [xmuIuIuui niaking vibrations in a half hour at 
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iLyoiis. This proposition eontifiiied essenUully the jjernf of the 
luoclerii metric system, and Mouton\s suggestion of the penduhun 
was soon repeated hv Jean Picard (1620-1682) in 1671, and by 
Christian Hnygnjs (1629-1^(^95) in 1673. ' 

During the eighteentli ct»Jitury several schemes were. proposed 
hv scientists for the imppewment of the weights and measures, 
hut although they were bro<ight to. the attention of the French 
Co\ enmuMit^they did not meet with such approval as to secure 
their adoptioik These , various schemes were discussed and dis- 
carded withoutXany definite action, and, just as in later times, the 
difficulties atteiuling the introduction of a new system were antic- 
ipated and feared. In fact, Jacques Necker (1732-1804), in a re- 
port made to Louis XVI in 1778, spoke of the proposed reform of 
weights and measures witli considerable diffidence. He wrote: 

I Ir.ive occupied myself in examining tlie means which might he em- 
ployed to render the wiMglits and nu»asiires uniform throughout the 
Kingdom, bat I doubt yet whether the unity which would result would 
he proportionate to the difficulties of all kinds which this op(»ration 
would entail on account of the changing of valutas which would nt»ces- 
surily he made in a multitude of contracts, of \early payments, of 
feudal rights and other acts of all kinds. I have not yet KMiounet^d the 
project, and I have seen with satisfaction that the Assembly of llaute- 
Guyenne ha\e taken it into c.onsideration. It is in effect a kind of 
amelioration which can be undertaken partially, and the examplt* of a 
happy success in one province would essentially infhienee opinion. 

Let us turn ])aek the pages of history to 1878 and discern 
this same note of diffidence in the following stat^MUcut ])y J. E. 
Hilgard, Assistant. United States Coast Sm\ey, and Inspector, 
United Stat(»s Standard \\\M*ghts and Measur(\s, who in r(\spoMS(» to 
a resolution l)y the House of Representatives subuntt<*d a report 
dat(»(l MiU'ch 21, 1878, on the ohligatorx* usv of the nietric system 
for gON erunuMit busiiu^ss: ^ 

Not only are lands purehas(*d from the public domain describtnf in a 
simple decimal system of acres m<Msured by scjuare chains and d(»ei- 
mals. but all the most vahiable real (*state, such as lots and streets in 
cities, has been laid off in this e{)unti v in (»\en feet. i^(*nerally (»\(mi tens 
of feet, as 50. fjO. SO. 100, loO, rte. U'liat adcMpiate motive' is* tluMV to 
(haniir thes»' cxpressidus into terms which ar<* neeessarilv fractional 
and i)i which tiiose forcii^n nations uhos(» conx cnienee it is proposed 
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Ur mwt have no conceivable interest? What useful purpose is sub- 
siTVed by tlesi^natinu; u buiUlin^ lot 24 by 120 feet iu the f^)rni of 7.315 
by :>(),o7(i int»ter.sy It is th^^ort^ijoini^ and siMiilar eonsiclerations which 
\t\u\ the uncl(»rsii^netl to (huibt whethtn* the. interniWional j.mi^ of 
measures will e\er wliolly take the place of all others l|i our donffstic 
transactlons.% 

W ith the ehanij(»S wrought by tlie FiXMich Revolution it was 
possible to gain consideration from tbc> public for rational ideas 
in science as well as in government and' religion, It was iTlfley- 
raiid ( 1754-18?3S), a l)old aiid able leader, then .BijjAop of Autuii, 
* who brought a plan for reform to the attention of the National 
Assembly iu April, 1790. lie appreciated not only the necessity 
of a uniform system of weights and nu^asiires for l^riuice but also 
the desirability of a system that would be truly international 
ratluT than represent merely (he weights an^J measures of Paris. 
Through the efforts of Talleyrand the National Assembly ren- 
dered a d(»cree on May 8, 1790, whicb was sanctioiunl bv Louis 
W l on August. 22 of the same year. The dccr(»(» read in part as 
follows: , / ♦ 

The National Assenibly, desiring that all France shall forever enjoy 
all the advantage's wliich will result from unifoiinity of WMglits and 
mc*asures. and wishing that the relation of the old nu'asuit\s to the new 
should be drarly d(»terinin(»d and easily understood, decr(H\s that )Iis 
Maj(*sty sliall ht* asked to give orders to the administrators of tlu» dif- 
ferent d(^)artments ot the Kingdom, to tin* end that they procure and 
cause to be remittt^d to each of the municipalities comprised ifC^'Jieh 
department antl that thev send to Paris to be remitt(*d to the* Se't-ie^tary 
of {\\r At:ulcm\* e)f Scie*uctvs a*'perft*ctlv t\\act model of the* elifle'reMit 
wi-i^Iits and elt-mcnfarN' nicasuN^s which are* in usai^e*. 

It is elt i n-cel further that thr Kiiii^ .shall al.se) ben; f|is Maje-sty e)f Brit- 
ain ti) rt f|iifst tin- [\ii«j;lisii Pcirliaiiicut to coiKin' \\ ith the \atie)nal As- 
srmliK ii! till- elrtmniiiatiou e)| a natural unit e)t iiKMsmts ami we'iglitsi 
anei in t unsit pic ntf. uiielcr the* auspice's e)t the* Iwe) natioii*^. the* ce)iu- * 
rnissiDMfis d} tin* \(iulcin\ ol Sricuccs of Paiis .sh;tll uiiit(» with an 
ri|iial nniiibe-j' of innnbiTs tlitAcii 1)\' the Ht)\al Si)civ{\ of I.oneie)n. in 
^.i placo which shall br re'spi-eti\<*l\- elceielrel as most ce)n\eMiirnt. te) 
(IrtcM niiuj- .if the latituilr • i \r) . or anv e)tli<'r latitude which mav be* 
.[jM-li-ri'fd th<' Im'^tti o( thr Jiieliilnni {* se'couels ^ . anel te) elcdnce* an 
Mi^aiiabli- ^t iiidaid loi^all tJi'>T'i<"asMrcs and all tlio wri^lits; and that 
aftir this npi-iatnjn is made ui(h all the ncirssai\ solt-niliit v . Ilis Maj- 
rst\ will \h- askrd to thai'^c [\n \(aelcn)\ ol Siiriurs te) li\ wilh pro- 
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Tlu' 1)1.11 k VuiK' shows the meridian from Duiikerqiio to Darcelcma. 



cisicni for each royal iniiiiicipality the relation ot the old weights and 
iiH*asurt*s to the* ui'sv standard, and to compose afterward for the use 
of thv nnniicipah'ties the usual books and elementary treatises which 
will indicate' with clearni'ss all these propositions, 

it is (l(»urt»c"(l furtlun* that these elementary books shall be sent at the 
sixmr time to all tht* iMniu*ei^;)alities to })e distributed; at the same time 
tlu rt* .shall he sent in each of the nuniicipalities a certain number of 
wrw \\t ii^hts and nu asures w hich they shall distribute gratuitously to 
those who would he eaused ^reat expense by tliis change; and finally, 
si\ inontlis only alter the* distrihution. the old measures shall be abol- 
islu-d atu* u*phucil l>y tin- new. 

Finally. tlu» Aeatleniy shall indicate* the scale of division which it 
l)elie\fs most e<m\i'nicut tor all wi-itrhts. nunisures and coins. 

A eonnnittee of tlu- Aeadeni\> eonsistiu^g of Borda, Lagrange, 
l.aphue. M()nu;(\ and (iondoreet, prestMited a report on March 19, 
ITML to tilt* effect tliat after an are (of meridian) had been meas- 
ured. tli(* leii'^tli of a (jiiadrtUit eonld tlu^^^he computed, and one 
toii-niilliontli oi iK Im^tli c-ould l)e tak(Mi as the. bast* or funda- 
mental unit of len'_:t!i 'l lir phm proposed was to tneasure an are 
ot nirridiai) h< twc. n I )nnkon{u(M)n the northern coast of France, 
and Hare (dona on ih* \f' diterranetUi Scii. These two places were 
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c-Iiu;^rn IxHMusc {\\v\ wvw situated at stM level in the saine merid- 
ian; hecause the\ oltered a snitahle iiiter\ eiiiuu; (listaneo ot about 
/ !J oO', the greatest axailahle iu l-airoiu' for a niericliaii lueasnre- 
ment; bec ause theeoinitrv so tra.Mirsed had in part heen sur\ey(*d 
|)re\ious|\ h\ l.aeaiHe and Cassini in IToU-lTtO: and furthermore 
hecause such an ai\.- extended on both sides oi latitude 13 . 
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'J In Ji -ill t'{ tn.ihL;!* s. (Miiiirmi-d. Thr \\a^v .tt Xirlun lut mn m d f),()75Jj 

On Max 2^J, IT^io, in the report of* tlic conuiiittct^ Ito Na- 
tiiMial Academy tlu^ name mr\\c (meter) was assi^jied to tlie 
li'H-uiilHoiith part of ihc (juadniiit of thr carflfs )m(vidian, The 
j)r(it i\i(>ufil lued r was (le\ ised from a ealenlation of tlie operations 
made h\ I.a<aille in I7K). A stand.ird of tlie provisional meter 
made i)l brass was duly constnietcd hy Lenoir in Paris and is pre- 
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. solved in the ('oirsorvatoii-e dos Arts ft Metiers ut Paris. Tliis 
pnmisional nioler varied from llie meter finally detiMmined In- the 
con.nnissit)n in 1799 hv o.nly 13 niillinu-ter, being that much too 
long. 

fhe*kin<; of Franco, on- June 10, 1792, issued a proclamation in 
^ wliieh Deiamhrc p.nd Mechaj^ the two engineers chosen to 




/.!;/ J. -.til U.iptisti- JoM pli Dri'.iiiilm- (174^- 1S2:2 ). ■lU-^lit. Tii-IS/! Kr.iii(,ois 
' Aii.ln- MtVluiii ( ITll-lMll). ■« 

s!n\(*v llu» nr l)i*t^'(^cMi Dunk^Mcjiu* aiul Barcrlonu, wvw com- 
ini»nch»cl to tluvgooi-l ()fnct\s of ;^()vtM*nnuMit officials and citi/cii.s 
^I'licrallw^iul various rights and privileges were secured to thein. 
Holh seieiitisis . straightway proceeded to their dutit\s. hut. owing 
to th(» turl)uleiit re\ olutionarv condition?; in the country, they en- 
eonntc'red frou) the bi'iiiuninL; constant embarrassment and difR- 
(•i,lli(»s. In addition to l)(Mng arrested and depri\t»d of orchnarx' 
fatilititvs to carry on tlieir work, thi^y nu^t witl) litth^ synipatl)y 
and eoo[)(Malion on tlu* pari of offic ials and* peoph* and experi- 
(•need u;real diffieuU\ in cMi-eting and maintaining tlieir signals, 
whieli wrrt' oftt'ntinii\s lu-lieved to ha\e been built foi^, uiilitary 
purpose's. ' 

' Mrcliain in Spain had a certain amount of assistance from the 
UtA emmfiit ot tluit c-ountr\. but lierc\ as in soutlieru l*'ranec\ he 
was iMi.issrd and interfered uitli l)y [)oliticMl troubles. In taet. 
tlic-st' two rrsoiiitf rn^incrrs i^piMieueed almost inereclil)le diffi- 
i Mhii's. lu in^ aiicstcd l)\ the \arions goxcrning hodii*s tluit wimt 
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at that time succ(\ssi\(»ly administering the affairs of France, de- 
pri\f(l ol lilu itx and freedom, prevented froin working hv acci- 
dent ajid (lisc»as(\ and, in short, aeeoniphshiiig most creditable 
rcMilts muh'r iemarkal)ly ad\erse eirennistances. Finallv, in No- 
\eml)i i'. 179>S. Mechain and Dehunhre completed tlieir survev and 
brought their records to Paris. Several committees were set to 
work checking resnlts and compiling reports. On June 22, 1799, 
a platinum meter was adopted as the true meter and was depos- 
ited in the Archixes of th(» State, wh(M'e it has come to be known 
as tlie Meter of the Are]n*v(\s, Tims, we see,, it took seven long, 
and arduous years to mak(» the first standard meter stick. The 
units of mass and capacity were construet(»d i^long witli tlie meter, 
but there is not spact* for a detailed account of the evoluticm of 
these standards. 

After tl le sci(*ntific determination of Hie standards, tluTC re- 
mained to (effect the general adoption of jhe new weights and 
UH^isnres. Tliis was a. much niore difficult .task than was at first 
contcMiiphited. Miry nioie than a.tl^trd of a century of confusion 
anc chatter amom^ people of all t\st'ates with regard to the metric 
sysKMU the goxernmeut was forced to act with determination, and 
the act which follows, in part, was passed, after nuich discussion, 
by the* C^-JicunbiM- of IVrrs and the (Miamber of Deputies and was 
announc c^d to ihv pe()[)le on Jidy 4, 1S37. It decreed tlu* general 
use of the nu^tric syst(Mn for all measur(Mi)ents. 

After January 1, 1840, all weights and measures, other than the 
weights and nieasnr(\s established by the laws of 1795 and 1800, con- 
stituting the decimal metric svstem, shall be forbidden under the pen- 
alti(\s pr()\ ided l)y arti(*l(» 470 of the Penal Code. Those possessing 
wei^lits and measures, other than the weights and measures above rec- 
ognized, in their wareh()ns(\s. shops, workshops, places of busint^ss, or 
in tlieir markets, fairs, or emporiums, shall b(^ punisht^d in tht» same 
mainu'r as thust* who use them, ac^eordin^ to article 479 of the Penal 
Code. Hc'^iuninu at the same date all denominations of weights and 
nieasines other than those anthoii/ed iwv forhi(hl(Mi in public acts, 
(i'H iunrnts. and announet inents. They are likewise* forhidch-n in acts 
I der pri\ati' seals, cjimiuereial accounts, and other pri\'at(» h^^al docu- 
ments, etc. 

Ill res[K)!isc to an in\ ilatiou of *h(» Im'^micIi CoverunKMit, the fol- 
h)win^ ct)nntries sent i'r^presentati\(\s to a confen^ice hv\d in Paris 
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on August 8, 1870, to coiisicler the advisability of constructing 
new metric standards: 

Austria Greece Russia 

Colombia ^ Italy' Spain 

Ecuador Norway Switzerland 

France Peru ' Turkey ' i» ' 

Great' Britain Portugal United States 

A second conference was held two years later, at which thirty 
countritrs were represented, the United States again being among 
this nuniJ)er. At thi^s conference jt was decided that n^w rneters 
and new kilograms should be constructed to conform with the 
original standards of the Archives, and a permanent committee 
was appointed to carry out tliis decision. The p/eiiaration of the 
new standards had'advanced so far by 1875 tlwt the permanent 
committee appointed l)y the conference of i872 requested the 
French Government to call a di])lomatic conference at Paris to 
consider whether tlie moans and appliances for the final verifica- 
tion of the new meters and kilograms should be provided, with a 
view to penniuienc(\ or wl)ctber tlie work^sbould be regarded as 
a temporary operation. 

In compliance with this ie<iiiest a conference was held in 
March, 1875, at \\:]iicli nini^teen countries were represented, the 
United States as usual l)eing.of tliis number. 

On May 20, 1875, seventeen of the nineteen countries repre- 
sented signx^d a convention which provided for the estal)lislnnent 
and maintenance of a pe rmanent International Hmean of Weights 
and Measures to be situated neit^ Paris and to h^ under tlie con- 
trol of an international connnittCj^ elected J)y Uie coufen*nce, tlie 
committee to consist of fourteen inemliers, all belonging to dif- 
ferent countries. 

In addition to tli(^ primary work.oF verifyijig the new uiriviv 
standards the International Bureau was changed with certain 
duties, the following being tlie most important: 

1, The custodv and pres(*r\ ation, wluMi couipletcd. of tlie inter- 
national prot()t\[)es and auxiliary instruuuMits. 

2. The future periodic comparison of the se\(M*al national stand- 
ards with the international prototypes. 
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^ 3. TfuKcoinparison of ni(»trie staiularcls with standards of other 
countries, ^ ; • 

The expenses of the Internationa! Hujeau were to he cfefraved 
l>y eontributions of the eontnietiug governments, the aniouiit for 
< ich-coulitry d(»pending npon the population and upon the ex- 
tent to whieh the uietrie system was in use in tlie particular coun^ 
try. 

In accordance witli tlie terms of the eon\'(Miti()n, the French 
(;o\ eiinnu»nt set aside a plot of ground in tlie park of Saint-Cloud 
just outside of Paris, and upon t]iis groynd, which was declared 
neutral territory, the Fiiternationar Bureau of Weights and Meas- 
nr€*s was established. 

The construction of the meters and kilograms had been en- 
trust(»d to a special committee, and early in 1887 the ccmiinittee 
c()fupl<»t(»d its U'ork and the new meters and kilograms w(*re 
tunu^d o\(M- to the International Bureau for comparison^ witlT. the 
stand.M'ds of the* Archives and with one another, 

•It .had bc(Mi decided as eaily as 1873 that the new standards 
should be made of an alloy of 90 pe\ cent platinum and 10 per 
cent ifidiuni. All tj^)getiier, thirty-one meters and forty kilograms 
were constructed. By 1889 the entirt* work was cx)mpleted, and 
in Septeml)er of tiu t year a general coufereuw held at Paris ap- 
prov/ed t\\c work of the international committee. 

The meter and kilogram which agreed most closely with the 
^meter and kilogram of the Arclii\es were declared to be the inter- 
mitional jiietcr aiul^ the interiiation^ kilogram. These two stand- 
ards, with certain other meters and kilograms, were deposited in 
a subt(Tfan(\m vault under one of the buildings of the Inter- 
luitional Bnrcvuu where they are accessible onlv when ^hree 
iii(le»p(MKlent officials witli different keys are present. The other 
.standards' W(Me distribu<t»d })y lot to the \ari()us go\erinnents 
"ciintributiiiLj to the support of the IntcMuational BnrtMU. 

In closiuii;. let us follow the jouriuy of tluvse fuudanuMital stand- 
ards from tlu^ Old World to tiic X(»w. B. A. (iould, official dele- 
gat » from tlu* rfiit(»d Statcvs to thv luttMiiational (lonfcMenee of 
Weights and M(Msini\s lu^ld at Paris in Septeuih(M\ 1889, accepted 
th(» standards froui tlu* International Bureau, lie had ^them 
pack(^d and scMlcTand then trauJ'^^d to the care of Whiadaw 
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Hcid, tlK> I'uilcd Sta<to.s Minister iu I^iris. From him Motor No. 
'27 and Kiloyram No. 20. togethor with Motor No. 12 of the alloy 
of ISTk were received by George bu\*id*)iv Assistant in the* 
rnited States Coast and Good(:.tic Survey, by whom tliey wore 
'hroiiglit t() Washington with great c;iro and deposited in the Offieo 
of WViuhts nnd Meastires. On JannUr>' 2, 1890, Meter No. 27 and 
Kilogram No. ^0 were earried to the C'abinet room in the Exccu- 
ti\c Mansion, where the eereniony of breaking the seals upon the 
boxes nO-^s •perfornie.d in the presence of the President of the 
I'iiited States, Benjaniin Harrison, the Secretary of State, James 
C. Hlaine. and the Secretary of the Treasmy, \\'illiam Wmdon, 
to'^ether with a (Hstinguished company of .scientific men. A ioV- 
nud certificate declaring the condition of . tliese standards at the 
opening of the Ixrxes w;fi signed by the I'residc'nt and vvitne.s.sed 
in, th'e Secretary -of State, and the. ^fc-Orc-tary the Troa.siny. "-A 
somewhat similar certificate was signed by the oUior gendemen 
■ present. In consecpience of this official act of the President of the 
l iiited States. Meter No. 27 and Kilogram No. 20 will be guarded 
as our National Prototype Meter and Kilogram. These national 
standards are at present kept in a subterranean \aHlt of the Na- 
tional Bureau Of Standards in .\\";Vshington. 

Strang- as it may seem, the standard of length in the United 
States is nut the vard. as is popularly belie\ed. In IS^-k ])y act of 
Cou'^ress. the meter was made the I'uited States standard of 
length and the \ard was defined a.^ .•3.W)0/''3,937 meter. 

LattT Trends in Mrtric- I'.saiJic 

lOSKI'll |. l lUi.WCKK 

Si\( )•: the adoption of the metric s\slem by France, the merits of 
the c(tii\enientlv workable relationships between length, capac- 
it\. and weight lia\c attracted an ever-increasing number of na- 
tions .uid people. The countries which ha\(' adopted the nTotric 
sN-teni and the vear of adoption are shown in the accompanying 
Uraph. 

A stuck of the <j;rapli reveals slow initial progress. Nearly a gen- 
eration p.iss<'d. following the ofhival establishment of the: French 
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meter in Y, before the near- neighbors of France adopted the 
system. In the forty-year period between 1S60 and 19()0 tlie ad- 
vance was quite rapid, and from 1900 to 1925, it continued at . 
about the same rate. Since 1925 nearly one-quarter of a century 
has passed, but the British Empire and^the United States arc still 
unmoved by the processioii of national adoptions. Within the 
period from 1820 to 1925, fifty-two nations, over SO per cent of 
the population of the world, changed over to the general use of 
^ metric weights and measures. At the present time more than 
y, 200,000,000 people live where the k^u] use of the metric svsteni 
t)f weights and measures is mandatory 

. Although tiie British Empire htus not yet (ifn^-ially adopted the 
metric system of weights and nieasures, ^)rogress liUs npt been at 
a standstill. In 1862 a British parliamentary i'onnnittee held ex- 
tended hearings on the subject of metric' standardization and 
unanimously reconnnended that the British Isles adopt the metric 
system. Despite the estecln fi'lt for *he new system and tlu' favor- 
able attitude toward it, it received little m(;re than acadenuc at- 
tention. Decades passed before scientific and other interested 
groups succecdfHl in ha\ ing tlrt' swstOjn legalized in 1897. In 1900 
ninety-six members of Parliament were ifi favor of a metric bill. 
A short time later the British House of Connntms xoted to adopt 
llie metric system exclusively, but the House of Lords rejected it. 
In. 1904 the House of Lords pas.sed a similar bill, but throngb 
political maneuvering the House of Conunons killed it by the 
close \ otc of 150 to i26. By 1906 those xoting in Parliament for 
a metric bill increased to 41 4, and by '1907 interest in such a meas- 
ure had further increased, so that the bill, when called for pas- 
sai>e, laeked but a few votes of passing. 

Meanwhile, other parts of the Empire were giving expression 
to their wishes. The House; of Kepresentati\ es iii Australia en-y 
(lorsed the reftmn for decimal wciglits and measures b\ a vote of • 
thirty-six to two. The go\crinnents of Can/ula, South .Vfrica, and 
New Zealand have taken an acti\e part in the reform bv dt'elarint; 
themsehcs strongly in fasor of it. Activity and agitation for the 
official adoption of the new type of nieasures has continued. 

Some critics point out that the British Isles, in their coiiserva- 
tisin. have lagged too far ])cliind, that they still retain the old 
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inuiecimalizecVpounds/shiljHigs, ix?ncc\ and farthings of an anti- 
(luatccl antl discarded Gorman coinai^;^*. New idcaV^do not often 
rec'^oi\e ready acceptanee. When Ceorge Stephen.s(Hi made q> 
plication to the British Parhament to run the first steajn railway 
in the workl, he met nnich resistanee. To show his folly tl)e oppo- 
sition asked, "What would happen if a cow got in the way^f your 
(engine?" To the ultracoiiserwitive tuind there could' be onV one 
answer: the overturning of the train and the destruction oKlife 
aful [M-opcM'ty. Shocking was the e(f(»ct when StephenSon calirdy 
reph'(»d, "It would he had for tlu» cow." Thus a new idea was boru. 
Oil another occasion a proniinent English lord said, *'Wc don't 
want foreign things even though better. We have all the best of 
it — wo can understand the metric units, but foreigners absolutely 
canuot understand ours. \\V\e got em!" On still another occa- 
sion in the British l^u-lianient. Lady Astor said, ''Many British 
legislators are still in Noahs Ark," While the* conservative atti- 
Unlv UMty be strong in son)(» of their p(»opl(\ the British also hivv 
then- ((uota of progressive-niind(»d citizens who ha\ o taken an ac- 
tive part in the n)etric standards movcMUtMit, 

It is important to uot(» that the busiiu\ss and conuntMvial inter- 
<*sts of tlic' liritish Empire have fretpiently d(»clared their opin- 
ions. Owe of tluM'r lalcr iu(»eti))gs resulted in definite action. The 
Niutli (!()ngr(\ss of tlk (!lKuub(M*s of Ooiuinerce of the British Em- 
pire, la^ld in Toronto in U)2(); adopted resoluticms ovtM'whelm- 
intjly in favor of a gradual adopticni of ihv system of dcvimal met- 
ric weights and nu^asures throngliout all the Empire. Through 
lh(Mr acti\iti(\s (huing Worltl War 1, millions of Britons bad actual 
(*\pori(mce with nu^tric liuits and wer(» impresscul b\' their sim- 
plicMty and efficiency, Tliis caused a couctMted mo\(Muent to 
arouse the British Parh'anuMit to activity on tlu* issiu*. The ri\s()ln- 
tions cit(^(l alu)\(» iiumHx r(»H(»ctt»d tlie stMitimcMit of the tiui(\ 
Hiousands of pc^titions poiircul in to tlu* British Friuu* MinisttM*. 
to th(» British Hoard of Tracl(\ and to the connnitte(»s on coinage*, 
weights, unci m(Msnr(\s of tlio lioust^s of Parliament, It is (vstiniatc^d 
that in tlio viMrs from 1914 to 1922 more than 1()0,()()() petitions 
were r(»cei\(ul by Bi.rliimient, 

!)(•( imal associations of tlio Britisli Ishvs cf)or(linat(»(I tluM'r (»f- 
torls Willi the World Standartli/ation (.ouiicil aud tlu» .\m(M'ican 



SYSTKM IN MEASURES 37, 

..Metric Association. Tlie British Decimal Associiitiqn in Lond<)ii, 
in conjimcliou'with tlu- World Metric Standardizalion Council, 
and the World Trade CJiib, published in 1920 i\ comprehensive 
British edition of the booklet. Who Urges Mcter-Litc'r-Gram? 
This British Decimal Association has publ/shed Inmdrcds of use- 
ful leaflets, pamphlets, booklets, and reports. In addition it pub- 
lished for years a most valuable magazine called The Decimal 
Educator. The Associations collaborators, both numerous and 
eminent in British life, were drawn from thousiuids of concerns, 
organizations, and individuals. 

By the tutic the decade of 1920-1929 was reached, the metric 
advance was urged by colonial conferences, colonial parliaments, 
duunl)ers.of commerce, trade unions and councils, county coun- 
cils and town councils, educational authorities, scientific societies, 
professional organi/atic^is, agricultural associations, manufac- 
turers' associations, trade associations, thousands of commercial 
and industrial concerns, the National Union of Teachers, the 
Incorporated Society of Inspectors of Weights and Measures, and 
inHuential individuals. 

The reader may wonder wb\- it was not an easy matter to pass 
the nect'ssurs- legislation in view of such a prodigious effort put 
fQvth in favor of it. Two or three major factors worked against 
its passage. Some manufacturers opposed it because of the mis- 
tak(Mi' notion that it would be necessary to scrap their machinery. 
Competitors in other countries, j''alous of their own advantages 
'in world markets, helped to fii-;'nce campaigns against the adop- 
tion of the necessary legislation in the British Empire and the 
United States. Numerous other reasons can be found in the litei-- 
ature. l)ut the chief difficulty in the British Empire undoubtedly 
tan he attril)uted to faulty coordination between the various 
h-gi.slative and executive departments of the government. At sev- 
eral periods of British historw concerted action would lrr»e car- 
ried the metric units into e\chisi\ e use as the sole legal .<andards, 
Following tlie 1920 s, however, other prol)lenis bi-set the Britons, 
and interest in OiC ucw system of weights and measures lagged; 
therefore the Britisli Knipire is todav deprived of the efficiency 
that would be pro\ ided by the metric system as tlie only legal 
.sNslt-Hi of nieasuremcnt in business transactions. 

i 
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The progress of metric measurement in the United States has 
many purlillcls with that in the British Empire. According tg'the 
Constitution of the United States, onjy Congress lias authority to 
fix and estabhsli weights and measures. Most people of this large 
and (in many ways) most progressive nation would like^ to see 
Congress exercise tluit right in adopting tlie decimal metric sys- 
tem for all activities, commercial, industrial, educational, scien- 
tific, professional, and non-professional. 

The decimal system in the United States lias a long his lory, 
extending from the very beginiiings of our republic to the present 
time. Thomas Jeffersons re-entrance into the Continental Con-^ 
gress in November, 1783, was most fortunate, because our decimal 
coinage system, without exaggeration the most perfect the world 
has e\ er known, was esta])lished through his efforts. The success- 
ful introduction of this system was all the more remarkable be- 
cause it was necessary to rephice the arbitrary pounds, shillings, 
and pence to which the popula .'c had been accustomed as British 
subjects. Against tlie stolid fore ? of British habitsjefferson stood 
all his life for a still broader reform; he wished to have the decimal 
system applied to all the weights and measures as well as to 
money. Had he drawn up a declaration of independence against 
the tyranny of ob.soletc and unfair weights and measures brought 
over from Britain at an earlier period, he would surely have had 
the si<niatures of George Washington, John Adams,' Benjamin 
Franklin, James Mac' son, Gouverneur Morris, Alexander Hamil- 
ton, John Hancock, Charles Carroll of Carrollton, and other 
founders of the Republic, for tlie\' all worked to that end. The 
details and numerous problems of launching the new govenimont 
doubtless lessened action on securing uniformity of weights and 
measures at this time. 

Had the United States of America, then a \ery yoiuig nation, 
been in\ ited along with the European nations to participate in 
the world conference on weights and measures in France in 1790, 
she might ha\e secured metric standardization at the outset, as 
F'rance did. 

In his message to the First Congress of the Unitf'd States of 
America, Cieorge Washini^ton on januarv 8, 1790, made the fol- 
lowing statement in regard to the standardization of measures: 
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• A uniformity of weights and measures is among tht) important ob-^ . 
jects svbmitted to you by the constitution, and if it can be derived from 
a standard at once in\ ariable and universal, it must be no less honor- ^ 
able to the public council than conducive to the public convenience. 

' ^ . * ^ *^ • 

Although Congress did not adopt world metric standardization, it 

■ did proclaim the superiority of the decimal system. 

In 1799, th'e year in which France adopted the metric system, 
the United States was engaged in a "quasi war" with France, and 
this no doubt deterred us from adopting metric standardization 
at that time. Observant Americans, however, were constantly 
aware of tlie adv antages of standardization. Congress discussed 
it, and in- his annual message of 1816, President James Madison 
urged decimahzed uniformity of weiglits and measures. John 
Qiiincy Adams, Secretary of State, in his l\v\)6n on \Vci<:,hts and 
Meaiiures, in 1821, foresaw world metric standardization. The 
topic seldom failed of attention, and in 1847-1848 the Secretaiy of 
the Trcasiir\- and the Superintendent of Weights and Measures ^ 
urged world uiiifonnity on the basis of the decimal system. In 
1861. Sahnon P. Chase. Secretarv of the Treasury, pleaded tliat 
Congress act promptly in adopting international standards. Then 
came the CMvil War, and of necessity interest turned to other • 
things. ' 

On March S. 1S64. an exceptionally fine report by the British 
parlianieiitar\ foniiiiittee of 18G2 on the world advance of metric 
standardization was laid before Congress. Abraham LiiK-ohi was 
interested in this report, since he regarded metric standardization » 
as an csM-ntial luiMsine of reconstruction. It was undoubtedlv in 
accordanci- vvitli his vii'ws tliat metric K gislatioii was introduced 
into both housi-s of Congress. As. a result and on the first recom- 
mendation of a eoiniuittee of C:ongvess, headed by John A. Kas.son. • 

■ whith submitted an elaborate report. Congress passed the ioUow- 
inn ac t on JiiK 28. ISHO: ' 

All Act to authoii/.e the use of the NJetric- Syst. iii of Weights and 
Me.isiires. 

Be it riiaeted 1)V the Senate ami the Houm' of llepre.seiitati\ es of [hv >x-^ 
I'liitrd St.ites ill Cen-Jiivss assi uihlftl. that tmiii .nul aifer the ]).i.ssai;e 
of this aet it shall he l.iufiil thioimhout the fnited States of \ineriia 
to eiiipjov the uei'ihts .Viid iiKMsiires ol the iiietlie .s\steui. and no eoii- 
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tnict or (Ualiiigs, or pU'ailiiigs in any court, shall be deemed invalid, 
or liable to objection because tlu* weights or measures expressed or 
referred to therein are wei^lits or measures of the metjic system. 

Probably at no pre\ ions time was there more discussion of metric 
standardization in this country or more general acceptance of 
metric units as exclusi\x? standards throughout the world. Since 
1866 Congrcusional connuiltt^c^s on weights and measures which 
have reported on the subject ha\ e urged legislation for the adop- 
tion of meter-liter-grani ^taudardizatioii. 

Tlie next step was takni in 1876, when coinage was put on tlu*^ 
metric basis. It had brrn di*cimaii/ed nearly u century before. 
The new plan cstablislu il the weight o( a coin and its^ ratio to 
other coins. A dollar w ciglied 25 .grams, a 50-cent piece 12.5 
grams, and other silver coins proportionately. Coins made of 
other metals were also nietricixed. 

The Na\ \* Department adopted the metric system exclusix ely 
for its medical work in 1S7S. by 1894 the War Dep^rtniept luid 
taken the same ste[). I liat .same year the metric system was 
adopted for all electrical work. Thv U. S. Bureau of the Public 
Health Service joined the ng lumiber of users in 1902. 

Meanwhile tlie new UR'asurin^ tccluiique was legj^ized for con- 
tinued use in tlie Pbilippiiu* Islands in 1909^ and in 1913 it was 
recognized and p(M luantMitU (\stal)lished in Puerto Rico. When 
World War I was under w ay. our Expeditionary Force by the hun- 
dreds of tliousands used the metric system. This no doubt had 
much to do with th(^ briuiiting l)ef()re Congress, in 1924, of tlie 
Britten-Ladd Metric l^ill. More will be said about the ac.tivity of 
^that tinu* in later parai];raphs. 

In addition to adoptiuii; tla* metric system in the instances cited 
al)o\c\ tlu» rnited States helougs to tlie Internati^jnal Hureati of 
Wi'iglits and NhMsures. the custodian of tlie world standard nu*ter 
and kilogrvini: to tli(^ lutci national Postal I'nion, the rates of wbicli 
are based on uraui: and to tlie International Institute of Agri- 
culture, wliicli nivcs cn)|) < jnotations in metric tons. Furtliermore, 
tlu* rnited States cniplovs nictrii- nuMSures in IntcM'uatioual Air 
Serxice Heuulatious: in tlic (loast and (ic^odetic Sur\('\: in the 
tjox erunicutal anciuies ot the V. S. (Jeological Sur\i^y. the U, S. 
Lvike SiUA('\ (War I )r^)artiiient ) . tlu^ Mississippi Hi\tM* (iuunnis- 
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sioii (War Departtnctit^, the Tcnticsscc XnWcy Authority, atul tlu« 
U. S. Hydiographic Office; iii the National Bureau of Standards; 
and in the Bureau of C:h(>nustr) . 

Metric \reij»lits and measures are used exchisix ely in some fields 
and ulmostso in others. Persons' familiar with the related areas of 
science know of the esteem lu>ld for, and the use made of, scien- 
tific metric jneasurement in fiueh fields as chemistry, physics, and 
dietetics. Man\ hospitals and factories throughout the country 
have already adopted die system and in many cases have used it 
for vcar.s. The American jewelry trade in 1913 adopted the metric 
carat of 200 milligrams and practically overnight began its use. 
In the follow ing year similar action was taken in Great Britain. 
The optical industry has found the metric system most useful 
because lenses can be ground to (he same standard no matter 
in what country' the prescription originated. The international 
Olympic Games atliletic events are now measured, and results are 
piibhshed, in metric units. Radio wave lengths are measured and 
recorded in meters and other metric units. At a conference hi 
lOLfi of tlie International Air Traffic Assoeiati(x^), an international 
air consigmnent note for freiglit was adopted which rcciuired the 
use of metric weights and measures. A m>w waybill was 'intro- 
duced to conform to tlie adoption. It .seems apparent tltit metric 
usage is ever on the incr(>ase and tliat sooner or lat(>r (i-iud pref- 
erably sooner) the Hritisli Empire and tluJ Unit(>d States should 
take die final step to us(> of the metric system exclusively for all 
weights and nieasurenients. 

FoUowi.ig World War I actix ity reached a peak on behalfbf ex- 
eliisi\i> use in this country of the metric system of weightls and 
measures in all transacticMis, both national and internationalN^In- 
dividiials, associations, educators, clubwomen, hankers, editors, 
i.ianufaeturers, businessmen, professional men and women, eon- 
<4ressuu ii. and legislators by the thousands were actively :itf[iik-nt 
iiig the ..«iovcnient. Pulilications, periodicals, pampblct.s, news- 
paper artich's. and editorials b\- the hundreds \\'u\c appearing in 
support of tlu> sam(> project. Only a glimpse into the extent of 
these aelixitii'S can he afFf)rded here. . 

'I he World Metric Standardization Coinicil (San Francisco), in 
(.ooperalioii with the American Metric Association (New York) 
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1111(1 tlie British Decimal Association (London) u'ld other organ- 
izations did an inunonsc anionnt of work in pro\ iding pnblicitv 
and in attempting to coordinate effort. Mnch aid came from na- 
tional organizations sneh as the Anu'ricaii Association for the 
Ad\ancenient of Science, the American Chemical Societ}-, the 
National \\'holesale Grocers Association, the American Pharma- 
ceutical Association, the United Connnercial Travelers of Amer- 
iciH tlie National Council of Mothers and Parent-Teachers Asso- 
ciation, and the Foreign Trade <:hih of San Francisco, which for 
se\cral \ ear.s partieipiited in the world standardization movement- 
under- the broader title of \\'orld Trade Club, and many others. 

So important was the (juestion before the nation that the Cham- 
ber of Connnercc of the United States, witii 1,400 of its member 
organizations, upi^jinted a special cominittee on the metric .sys- 
tem. This committee studied and reported upon the propo.sed 
transition to the world standard weights and measures. On the 
basis of this coinnu"ttee's report a nationwide di.scu.ssion and ref-" 
<'reiidutn was reeonnuended to crv.stallize the opinion of Ameri- 
can business upon this important type of progress. Meanwhile 
other organizations and \arious means of connnunication were 
acti\e. Congress reeei\ed from organizations, associ' *ions, and 
in(li\iduals o\er lOo.OOO j^etitious urging enactment of the metric 
standardization bill. These were placed on file with the Depart- 
ment of Connnercc in Washington, D. C. Nhmv of the petitions 
were from organizations ha\iug hnndreds or thousands of mem- 
bers, so that all toijether se\iMal million indi\ iduals were repre- 
sented. 

Ill HJ21. the states of California, Illinoi.s, North Dakota. Ten- 
uess(''e. 'and rtali, with comhined population of 2(),(K)(),0()(), 
tliroiigh their state leLjislatures nienionalized Congress to adopt 
the nietrie s\steni. Other states which had pre\iouslv made their 
wishes known were ( ."onueetieut, Maine, and New Hampshire. 
Sinee the inetrie s\steui lias hvru adopttnl in the sciences 
I whether we ba\e war or peaee)— in medicine, pliarniucw optom- 
etry. phot»)grapli\', pliysies. ehemistrv. seismologv, astrouomv, 
e!eclrieit\. mieroscopy. aviation, and similar [uvus — it seem:; nat- 
inal th.it we <4() a step further and include these units for husi- 
ncss. ((luaition, and life. 
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Seven Congressional committees on coinage, weights, and 
measures in tlie past haw reporte:! in fa\or of the adoption of 
metric standards h\ the United Slates. None of the committees 
has ever reportcul adxevsely. The Stone Metric Standards Bill 
successfully passed two readings in the House of Representatives 
in the Fift\-fourth Congress. The hill was recommitted to the 
committee aft(»r these readings, howex er, and for this reason failed 
of passage, " ""^ 

American manufacturers are among those interested in metric 
units. The National Association of Manufacturers, with the force 
of its memhership of more than seven thousand leading concerns 
in America, strongly supported metric standardization. Through 
its conunittee, popularly known as the Carnegie Metric Commit- 
tee because of the prominence of one of its members, it distrib- 
uted nuich information and wielded much influence throughout 
th(* world as well as in America. With cumulative force the met- 
ric nu)\eineut grew, and organization after organi/ation entered 
into the- activity to secure for the United Stiites of America the 
ad\ antaii:es of the logical decimal units and world uniformity of 
measures. 

Prominent among the organizations which have worked con- 
sist(»ntl\' for the same cause is the National Wholesale (irocers A.s- 
S()ciati()!i. On October 27, 1921, a representative of the association 
appeared b(*f()r(» the United Stat(\s Senate committee holding 
lunirings on the metric system. He informed the committee that 
his organization of 870 of the largest firms and corporations in the 
groccM V bnsin(\ss in the United States (Muployed 275.000 people, 
did busine.ss in excess of ^ $3,000,000,000 annually, and for ten 
c(ms(Tuti\ e vears had passed resolutions unanimously in fa\ or of 
the innnediate adoption of the metric syst(Mn. 

It siionld prove interesting to the reader to see a short list of 
the ornainzations that hav(^ gi\(Mi support in one form or another 
to th(» ino^ cincnt for metric standardization in the Unit(Hl States. 
Unfortunately, of th(* hundreds that might he listed only a f'^w 
can be cited. Thest^ are taken from the book World Metric Stand- 
ardizdtioiij in which is eompihul a large amount of \aluable in- 
forinatif)n on tlu* in(*trie nioxcnuMit. 

* .S**e ihv Bibliography at the end <if this artivle. 
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Some of the \ational Organizations in the United States Urging 
^ Gradual Metric Stamkij;dization of Weights and Measures 

National Research Council 

Associated CicMicral -tJontractors of America ' 

United Stat<»s Snuar Xfamifacturers Association 

National Salt Producers Association . 

National Association of Lo'ose Leaf Manufacturers 

National Paper Box Manufacturers Association 

National Orninnental Gla^s Manufacturers Association 

National Manufacturt»rs of Soda \yater Flavors 

National R(»frigcrat()r Manufacturers Association 

National T(Mit and Awning Manufacturers Association 

National Stowing Machine Manufacturers Association 

National Mirror MnutifactiVers Association 

Association of Fh)\v(M' and Feather Manufacturers of Anu»riea 

American Walnut Manufacturers Association ' 

American Specialty MannfactunMs Association 

Natiouiil Manufacturing Perfumers Association 

National Hox Board Manufacturers Association 

National Association of Printing Ink Makers 

The 4-()ne Box Makt^rs Association (National) 

National W'holesidt* (irocers Association 

Retail (iiocers Association of the United States 

NatioUid (^.'aiuKMS Association 

Natio^uil Prcvserxers and P'ruit Products Association 

American Institutt* of Architects 

National Institute of luNc^ntors 

Periochcid Puhlishers Association of America 

American Association of P'oreign Language* Newspapers 

National Association of the M(ition Picture Industry 

Associated Motion Picture Advertisers 

National Association of Music Mercliauts 

Music Industries (:hauil)(M- of (.nnuneric of the Tnited States o 
America 

National Scale Mens Association * 
National Consumers Lt-agut* 
^'ational (.'tjusumers Co-operative Assoc!. ition 
National Federation of I'Vd(Tal Kmploxees 
(•ornniereial I'nion of America 
National A'isociation of ( Jh^tln'iMS 
American Wholesale (iaruu-nt Association 
National Shoe Wlinlesalers Association of the Tnited States 
Millinery (.'hamher of Connnerce of the Tnited St.ites 
Millinery [nhhcrs Vs'-oi iation 



SYSTKM IN MEASURKS / 45 

National Jewelers' Board of Trade 

American Woods Export .Association 

American Wood Preservers Associotioil 

National Association of American >Vood Pulp Importers 

American Metric Association^ 

American National Conference o\\ Weights and Measmes ^ 
Common Commercial Languag^r C^ommittet* 
United States Section, International High Commission 
Franco-American Board of Commerce and Industry 
Alliance FraiiQaise 

National Federation of French Alliances 
Nor>vegian American Chamber Commerce 
Swedish Chamber of Commerce of U.S. America, 
Holland American Chamber of Commt^rce 
American^iciety of Equity (Agricultural) 
• Nati(mal Efficiency Society 

American Society for Testing Materials 
Railroad Yardmasters of America 
American Warehonsemen's Association 
Agassiz Association -(National scientific organization) 
Association of Amateur Scientists 
American Association of Anatomists / 
American Entomological Association ' 
Mathemafical Association of AnuM'ica 
American ^Numismatic Society 
American Cen(*tic Association 
" American Physical Society 
AnKM'ican Fedc^ration of Human Rights 
American National Food and Dairy Association 
National Conference of Food. Dairy and Drug Officials 
National Wholesale Druggists Association 
Nutional Association of Retail Druggists 
' Aim^rican Pharmaceutical Association 
National Pluirrnac(Milical Service Association 
National Dru^ Trade Ccmference 
American Dru^ ManufactunTS Association 
Natif)na1 Association of Drug CJlerks 
American Nuis(\s Association 
American Nh^lical Trade Association 
American Surgiral Trad(» Association 
Ain(Tican Academy of M<»(]icin(» 
American M(»dica] Association 

American Association of Pathologists and Bacteriologists 
Anieritan 0[)tom(*tric Association 
^ N%)w named the Metric Association. 



ERLC 



46 , THE METRIC SYSJEM 

Independent Order of Foresters . 
Knights of the Golden Eagle 
Modern Brotherhood of America 
United Commercial Travelers of America 
Travelers* Protective Association of America 
National Congress of Mothers and Parent-Teachers Association 
National Child Welfare Association 

National Kindergarten Association ^ ' . 

yNational Women Lawyers Association 
jT War Mothers of America 

National Council of Catholic Women 
f National Catholic Welfare Council 
Rainbow Division Veterans 
National Association of Naval Veterans 
Electrical Manufacturers Export Association 
American Institute of- Electrical Engineers ' - ^ 
National Association of Electrical Contractors and Dealers 
Institute of Radio Engineers 
American Institutp of Chemical Engineers 
Institute of Makers of Explosix es 
. American Association of Pharniaceutieal Cht^mists • 
AmtTican Electrochemical Society 
Society ot Chemical Industry ' 
American Chemical^ociety 
Association of OfRcvIl Agricultural Chemists 
^\ssooiatipn of American Agricultural Collt^ges and Experiment Sta- 
tions ^ . ' ^ 
National Academy of Sciences 

American Association for the Advancement ^of Science 

The foregoing national organizations are theniseh'es composed 
of many local and state organizations; hence the combined weight 
of their influence represents many millions of members'. Follow- 
ing an^ some international organizations that liave also offieiallv ex- 
pressed a desire^ for metric standardization. 

World Or^^anizafiom Amonii Those Vrtiiufi Gradml Metric 
Sfatiddrdization of Wri^j^Jits and Mrasuresr^ 

League of Nations 
International Red Cross 
Pan-AmtTican Finaneial ConftM'cnec* 
ran-Arnerican F-^-clrratiou of I,alu)r 
. ^Witrht Sfftric StumlarJizdlion. See the Bibliogr.ipliy at the end of this article. 
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Pan-American Commercial Con£emi€e 
: Pan-American Scientific^^ofigress 
Inter-Amerit;an HigH Commission 
Customs*^ Cbngress of the American Republics 
International Postal Congress , 
International Electtical Qongress 
International Institute of Agriculture 
International Brotherhood of Electrical Workers 
International Metallcteical and Chemical Society 
International Geneva Society of Hotel and Restaurant Employees 
Inter-'AUied Scientific Food Commission ^ 
Inter-Racial Council ' 
International Correspondence Schools 
International Map Committee 
Babson*.^ World Statistical Organization 
World Bureau of Weights and Measures 
World Metric Standardization Council 
AVorld s Sunday School Association • 
International Esperanto Association 

InttTuational 100^7 C^ub ( Uiritod States of Ainerfcu and Canada) 
Northern White Cedar Association (United States of America and 
Canada ) 

Inteniiittional Association for Exports 

The American Metric Association was organized December 27, 
1916, at Cohnnbia Unix ersit\;, Tb.c fliNt organizations to become 
members, oiFcr financial aid, and otherwise lend their support 
were the National Whol(\sale Grocers, National Canners, Ameri- 
can Chemical Society, National Wholesale Druggists and Na- 
tional Retail Dru'^j'^^sts, American I^harmacentical Association, 
American Drug Mannfacturers, and the American Association for 
the Ad\ ancein(Mit of. Science. As the movement grew, individuals 
from practically c\'(My profession and corporation joined in in- 
creasing numbers. Through annual conventions and pubhcations 
in the 1920s education and influence were on a high plane. Met- 
ric loan^^ts, charts, rulers, crossword puzzles; and so on, were dis- 
tributed at uieetiugs and conx^Miticms and lUailcd to inquirers. 
Over 3(X()00 copies of the booklet Metric Weights (uul Mraswrs 
v/ere sokl bv 1925, and a foiulh (ulition vas issu?d, revised and 
enlarged. Exhibits were promoted at scientific and professional 
conventions. Lectures were giv(^n to all kinds of groups. More 
than fiftv writers of arithmetic 'textbooks were asked to cooper- 
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at(» l)y supplying inotric luatorials in the hooks they wroto. Prizes 
for dehutcs oii tlie .snhjec t of metric measures were offered to more 
than six hundred colleges. The Metric Association also had tech- 
nical staffs to aid manufacturers who wished to make thv cha.nge 
to metric units. 

It would appear that nothiujt stood in the way of placing the 
United ^tates on a metric standards hasis, hut history has shown 
otherwise. The opponents of the nu»trie system were* relatively 
ttAV— f)nl\' ahout 1 per cent in the ease of the petitions, inuuber- 
iug more :Iuui 1()(),()()(), reeei\ed l)y Congress in this connection. 
The chief deteur(Mit in th(?,l'nited States during the 1920 s appears 
to ha\ e }>t»en a lack of appreciation and understanding of the true 
merits of the metric s\stem. Prejudice*, |ndifh'r^Miee, and adverse 
lohhyimj; douhtless had nmeh to do with our failure to secure the 
nei^h'^ h»gislati(m during this period. The 1929 crash atid pro- 
longed (h'pression, followed by preparation for war and particU 
^ [)ation in World War 11, later forced lAMition in other directions. 

\e\(Mtheless, education in the metiTe system of weights and 
mtMsures has continued through tlie years, iuul increas(»d interest 
on the part of \arious individuals, groups, and or*ani/ati()ns has 
become apparent. In 1932 tlu» AmattMu- Athletic Union- of the 
Unit<'(l Stat(\s adopt(»d the nu^trie system. This action was takiMi 
lar^el\ as a result of tlu* ()l\mpiV (;am(\s. which wcM'e h<*l(l in Los 
Aniirlcs in that yt^ar and which are always conducted in metric 
terms, and throne;!! the work of A. C. Colbert of N(»w HaVen, don- 
net tieut. a member of the Olympic connnittee. All outdoor na- 
tional track chamj)ionshi[)s arc* now conducttul in metric dis- 
Uyucvs. An 19 H the Council on iMiarmaey and Chemistrv ()f tlu* 
American Medieal Associatioii dcvidc^d to a(lo[)t the metric svs- 
tem e\clusi\ely n its publications. The Unitc^d Stat(\s Phanna- 
eopoeia will be* rewritten in metric tcMins. im a r(»c(^nt sur\(»v of 
\n\\r pn;seVi[)tion pliamiacists in (Hncag ), one re[M)rt(ul that 25 per 
eenl ol j)rescri[)tions were writtcMi in the nu^trie svstem, a sec- 
niul ren()rt(ul {() i)er e(Mit, a third 70 per cent, and a fo'nrth 75 per 
cent. A number of ph\siciauM ijsed both th(* nu^trie and apothe- 
caries* units in prescri[)tions. Tlu American Pni^^t^isf has said,"* 

^ • * ^^-priiiUwl fn»ni {h& M.n\ li. jsMn- (»f .\fin rit tin lhti':ps( I>y spix i.il jht- 

MiiNNh'ii ..f thr pllhlisl|f r>. 
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**The end of confusion is near because the recent action of the^ 
AMA opens the way for universal adoption of this system/* Let 
us hope that the Congress of the United States and the President 
will soon enact into law a metric standardization bill, , 

It is interesting to note the connection between wars^nd the 
metric system. ? War hastens trends and precipitates change. First, 
the French -Revolution brought about the advent of the njetric ^ 
system in 1799. After the Pnissian War in Europe in 1871, Ger- 
many, Austria, Hungary, and their dependent colonies adopted 
the metric system, almost doubling the population using metric 
measurements. In 1866, after the Civil War in this countr)^, the 
system was made legal by act of Congress. In 1920-1921 after 
^Vorld War I the metric system was adopted for official use bv 
Russia, , China, Turkey, and Japan — thus the populSlion* which 
was on a metric basis was more than doubled. It iS' to be hoped 
that the experiences of World War II will bring about further ad- 
vances in the nu^tric stanchu'Ui/ation of measures. 
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2. The Syskf/t at Work 



lAAHATlONS AM) KNlXmSKAlENTS 

OK ■mi-. MinHicsYsriAi hy uskrs in 

WlDKl.V VAIUKD KlKhDS OK ACnVITY 



Education 

Shall \\ c educate Our Cliilclivn for Efficiency? 

JOY IJAIKH MOHCAN 

(liiii.DHKN caiiiK)t hv taught to be (*{Fici(Mit l)y using clumsy tools 
and procvssos iii the schools. When t\\i\ schools take two hours to 
present what should he taught in one, the loss is greater than the 
uier(» time inxolved, for the chances are that the child will go ou 
through lite taking two hours for what could he better done iu 
one. Ile Vill be satisfied to be a second-rati^r when the power is 
his to he a first-ratiM'. Aritlnui^tic is one of the h)undation stones 
of the couunoii school curricuhnn. T\\v power to nieasnrt* easily 
and acciuately and to make calculations about the materials hv 
uses is important to th(^ success of aiiy indix ulna]. Without that 
powt^r to uKuisme aiul couipart^ \alues Ik* is a sla\ e to what others 
tell him — the \ictim of an incomph^te education. 

Just now a niastiMA -of uieasurtMuent is espt^'ially iiu[)ortant be- 
cause* Innnaii relations lra\(* been greatly (^xttMuled and accurate* 
nuMsuriMuents are used at many points whew* gncss(\s W(*re satis- 
factorv iu a simpU*r period of lih*. There is no sadd(*r sp(*ctacle iu 
Am(*riea than tlu* efh)rt to t(Mch mort^ than 2(K()()(MM){) school chil- 
dren to inuhM'staud and use imits of nu*asnrenuMit which adidts 
do not and caiuiot renuMnl)(*r. ^It is one of th(* first laws of psy- 
chology of learuiug that facts are bi\st rem(*;nb(*r(*d iii association. 
Our umddlc of Mmilish nints totally ignort^s this law. Tlu* metric 
units, on tin* other hand, aw built upon natural associations. The 
child is simpl\ taught the inct(*r and its S!d)di\ isions. lie is taught 
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that a cubic ineasiire onc-tcnth of a meter each way is th(^ world 
(|uai t and that this world quart fiHed with water weii^hs I kilo- 
gram. With these easily remembered relationships and a few pro- 
fix(\s and snffixes he can soix e any problem in leni^tli, Nohnne, or 
weight accurately and (juickly. 

Soine people have derixed a wrong impression of the metric 
system froni the practice in certain older school arithmetics of 
teaching each metric unit with an ecpiivalent in English units. 
This keeps the childs mind on words and not on the actual task 
of measuring things. Give hiiti^a metric ruler, a world (juart meas- 
ure, and a set of scales marked with metric units ancbset him to 
work, on concrete objects and any child will learn to use the met- 
ric s\ stem in an hour, as hundreds of thousands of students are 
doing in high school and college every year when they take up 
the study of the sciences where the metric system is the recog- 
nized standard. 

There is another important pedagogical problem in nma.sure- 
nient. Arithmetics used to abound in what were called compound 
d(^noniinate numbers. Children added, multiplied, dix^iled, and 
subtracted quantities exj)ressed in such series of units as barrels, 
gallons, cjuarts, pints, and gills. For each set of measures the child 
had to learn how to cany over totals to the next higher units. The 
task b(*catn(^ so deadly as a school probh^m that calculations of 
this kind, which are r(»ally \aluable in life, are ])eing banished 
from school textbooks. Our top-heavy measuring tables have ah 
r(Md\" broken down in the schools. On the other hand, the metr 
system recogm'zes that the mathematical calculations of the civi- 
liz(*(l world are based on a .system of tens, each of which is given 
a place \ahie when it is written, 'lake, for example, the figure 
1,926. The first plavt^ at tlu^ right is gi\en to units, and each place 
to the left multiplies the \ahi(* b\* 10 up through ti^ns, hundreds, 
tliousands, and so on. Every child in e\er\* country learns these 
relationships and uses tlu^ni easiK*. 

F^ew pe()[)l(^ se(Mn to apprt^ciatt^ or rtMli/c what a tremendous 
amoimt of simplification would b(* flfi^cled (both for ourselves 
and our c liildrt^n ^ if opcM'ations in couinioti fractions and dtMionn*- 
natc numbers could b(^ carric^d out nndtM* tli(^ same* rul(\s as those 
goNcrning whole uuiubcrs. If the child works out thcj following 
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problem in addition, he adds the four.6X gets 24 as the sum, and 
carries the 2 over to the teiis place. 

1926 
1926 
^ 1926 
1926 

In metric measurements these relationships remain the same, a 
fact which means that if a child is adding or subtractii?^ythese 
decinial units he carries over just as he would in ordinary num- 
bers. If, on the other hand, this sum of 24 represents inches, the 
child must divide by 12 before carrying over. If it represents 
ounces, he must divide by 16. If it represents quarts, he must di- 
vide by 4 to reduce to gallons, and so on through a whole series of 
unrelated \mits. No wonder that the lack of sense in the arrange- 
ment often so discourages the child with his arithmetic that his 
entire schooling is made a bugbear and he enters adult life with 
a sense of depression and inferiority! 

To get a simple ba^is of comparison, take a prol^lem from a 
French textbook showing what the French child learns and com-, 
pare it with what an American child learns. 

We ask an American school child to calculate the volume of a 
cubical tank 6 feet 9 1/2 inches each way, filled with water. We 
ask the French school child to calculate the volume in meters and 
the weight in kilograms of a cubical tank 2.07 meters each way, 
filled with water. The French child puts that down as a purely 
decimal proposition. He' works it out by using forty-four charac- 
ters and manipulating those decimals. The English or American 
child, in order to get the answer, has to write down and add up 
and divide and work out 243 characters, multiplying by that plan 
the possibilitv of error in writing the wrong characters and add- 
ing that much to his labor. The first child calculates the volume 
in cubic meters and then knows that a cul)ic meter contains 1,00() 
liters. He simply moves his decimal point over three places, 
which he has already learned to do in the decimal system. 

Exhibit A. What the French Child Lecrns. Given a cubical 
tank 2.07 meters each way, filled with water. To find: I. Volume 
in cubic meters. 2. X'olunie in liters. 3. Weight of water in kilo- 
grams. 
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1. MiillipK iiig wicUli hy loiigtl) by l)eight/the child ^ets; 



2.07 
2.07 



gm/i 



* 414 

4.2849 
2.07 

• ' 29^)943 

S.f}jf-i9T43 cubic iiu»tt»rs 

2. SiiKv there* an* KOOO \\ivvs in I cubic meter, the child iniilti- 
pHes by 1,000, hy incrtOy luov ing the deciinal point three places, 
getting the stx-ond re.snh'S..S69,743 liters (world ((iiarts),'' 

3. Since a liter of .w atrr by definition weighs 1 kilogram, the 
child merely changes the name, writing 8,869.743 kilograms. 

/ It should \)V uotvi] that the child can reduce any of these re- 
sults to larger or smaller units uierely t^y moving the decimal point, 
to the l(*ft or right V(»sprcti\ el\ . The child tlms understands easily 
not only tlu* units of (Mch tubl(\ but relationships between the 
units iii tlu* diHVreut tablrs. 

I'lxhihif li. WluU the Auk rirau Child Lcanis, Gi\ on. a cubical 
tank 6 lv(»t U 1 2 inches each way, fill(»d witli wat(M'. To find: 
1. \ ohnn(\iii c uhic feet. 2. \*olume in uallons. 3. Weight of water 
in ])oun(l 



s. 



/\w child first rrtluces 0 fe(»t 9 I 2 indues to 81,5 inches, then 
uuiltiplies width bv l(Mii;.;i b\ height: 

* ■ ' ' .S1.5 
SI. 5 
•tOTo 

sr, 

()()■} 2. 2." 

Si..-) 
.).]21 125 

.■);51;^)S()() 

•") } lo t')..'^7") tuhio iiifhcs 
I. riic ( liild then (iividcs In the niiinlx-r ol cuhic- iiiclics in 
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1 ciihic foot ( 1,72S. a figiiii' uliit li is not easy to rciiuMnhiT ) to get 
till' first irsnll — the \(jlumc in ciihic fi-i'l: 

•■>1."^.277 (plus} cnl)ic feet 

172.S ) 5tl.-UW75 ' 
5 LSI 

2294 
172.S 

5181 
■ 479.3 

"13.377 
l2(W(j 

12.S15 
12096 
71,9 

2. '1(1 Lift till' \ oliinn" in <iallons, (lie t'JiiUl (lis idi-s the total nnui- 
lur ot cuhif intl -s in the, tank i o 11 .J^l"3.o7o ) 1)N tlio innnluM" of 
< ul»ic inclii s in 1 gallon (2'>1, anotliiT limine n.U k\\s\ to rcnicni- 
lu-i:.. 

2-vl').177 ( [)lns ) gailiiiis 
2 51 I 511.313.375 
4f)2 
793 
fW) 

lOOl 
924 
S()3 

im 

1103 
921 

' 1797 
1017 
1S()5 
1()17 
ISS 

) T'l ui t liic weight in pounds, the cln'ld nniltiiilics tli(> nnin- 
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bcr of cubic feet by 62 1/2, tlie pounds in 1 cubic foot of water. 



313.277 (plus) cubic feet 
62.5 

1566385 
626554 
1879662_ 

19579.8125 pounds 

Note that if thv child wishes to reduce any of these results to 
larger or smaller units, he must nuiltiply or divide by such clumsy 
e({uivaleuts as 27,. 1, 728, 4, 8, and 16. There is also an inaccuracy 
of about II pounds, owing to the dropping of clumsy fractions. 

This is bat one type of problem. There are many others which 
nuist be taught if the child is to be able to calculate in various 
kinds of measures. These other types involve addition, subtrac- 
tion, nudtiphcation, division, and reduction to larger and smaller 
units in each of the different and unrelated tables of measure: 
lengtli. area, and volume, capacity, weight, Hquid, and dry. 

The result is that tlie American child learns less and takes 
longer to do it than his French or Gernian cousin\ Because of 
poor tools he is not able to deve' )p tlie skill in handling measures 
that is enjo\ ed b\* children in countries using the metric system. 
Cotnparati\el\- few grown men and women in America can give 
(*asily the various tables of measures used in our daily life. 

T]i(^s(» aj'c not i:h(H)ri(\s. They av(* plain facts that auNone can 
understand. I have learned both systems. I liave taught both sys- 
t(M)is\ When I began studying science in high school, we learned 
all about tlie nietrie system in forty minutes and used it thereaftrr 
in <)!ir calculations. Teachers who know these things should make 
tluMr iufhunice felt. Every adult owes a debt to the children: to 
make tluMr path easier by applying what his experience has taught 
hiui, Nf^ny of th(* patriots of one* hundred and fifty years ago who 
worked to gi\e this country political freedom » advocated the use 
of the metric system. As they strove for political fn^edom, let 
(»\erv teacher, everv parent, and (*ver\* statesman work to free the 
•\ Aiucrican selux)! child from anti(|uated wcMghts and measures that 
uow hold more than 2(),()0(),()00 (^[iger h^uniers in a form of intel- 
lectual shivery. 
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Comments and Resolutions on the Metric System 

JOCllNAL OF THE NATIONAL EDUCATION ASSOCIATION 

I AM thoroly in fa\or of the widest possible use of the metric 
system in education, industry, and e\erydtiy hfe. It is scientific, 
logical, and easy to use and furnishes a necessary base for inter- 
national cooperation in science and industry. The use of the met- 
ric system thmout our life based on a thoro teaching of the sys- 
tem in our schools would hv a great ad\ antage. It would simplify 
the work of education. Children are confused and delayed in 
tlicir learning by the wiiscellaneous and clumsy tal)lc>s that have 
grown up in our English and American usage. If we will substi- 
tute the m<'tric systen^ children must be brought to understand 
not onlv the s\steni itself which is rclativel\- simple, but also the 
difficulties of nuikiug the change fron^ present measures o\er to 
the metric ^cheme, and the great ad\antage of making that 
change. 

Jov Ehucr Morgan 
Editor 

J. II,.- 1 5. lUKi 

r. S. COMMISSIONKH OF MDrCATION 

TuK luiiN crsal adoption of the metric system of weiglits and meas- 
ures wonld pose no great difHcultic^s for the schools. Indeed, if 
the schools \\ v\c to teach only the relatively simple metric sys- 
t(M!K the task teachers and of stiidtMits would be inimeasurahly 
lighttMied.** 

J. W. Studeljakcr 

nil-: wrioNAi. scm-ack ri: \<:iikhs association 

Ar Pinsiu lu.ii on Julv 4, UJ tlie National Science Teachers As- 
soeiation made th(* following resolution its first piece oi business. 

Mi. print. •<! n. «!. ilii^W'trk M.ii:.i/iiM-. Api il U>. IMlL ( .|u ImH.I.n i!m- 

.tn.l ■■! J. \V. Sju-MmIn. r. 
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Metric resolution. aclt)pti»d hy ihv Association uiianiniouslx ;. 

W'hKJU'.AN, the [)re.seiit prac^tice in tin* rniteil States i!i\()l\i\s the 
use of nian\ and xarions lui'thotls of nieasnrenients whic h in total 
are a eon*j;h)ineration w hich is cninhiMSome to U'arn and unwiehlv 
to us(\ and C 

W'nKHKAN, the ini'tric s\steni fm'nishes ihv most sinipk\ si^lt- 
ri'hited and convenient units which niav hi^ hanclUul in ch'ciinals 
-^iust a'* is onr niouetar\' s\stein — and 

WuKiiKAS, [)racticai]\ i*\(m\ <.*ountr\' in ihv worhh (Acept th(* 
United Slates and (ii'eaf Britain, hasdoni^ sini-e con\erteil to the 
jn(*tiic s\steni hotlu intcruullx and internationally anil 

\\'in-:i;KA.s, in the rm'tecl Stativs nian\ in(lMstric\s (i\<^,. ejectricah 
American Mi'dical Association, I'nited States Arni\ — about yO'r ) 
ha\'e alreail\ adopti'il tlu' nii'tric s\,stiMn. and 

W'uKHKAs, the majority of \m:\\ in ser\ ice and nian\ of those in 
indnstrx are* alriMcly huuilinr with the mi'tric system, and 
• WuKHrvs, at the time t)f ri'toolini*; aitiM' the w ar it \\ ill he nmeli 
les> e\pensi\e tor indn.str\ which is not alri*acl\ nsin^ the metric 
s\steni to n»ake snch eonxersion. and ' 
• \\ liKHi: \N. in internationiil relationshi[)s. especialK* tiad(\ it will 
he ol ()h\i()ns \alne to use the same s\steni used l)\ other nations 
(e\ce[)l (ireal l>i"itaiii » loi" peiiods ran^in^ from o\er twenty 
\ears to o\ cr a I'cntuiA : 

Therefore he it resoh'ed By the National Science 'I'caehers As- 
sociation, c-entral ()i"!j;ani/ation ot ^ron[)s oi [)eop]e interested in 
science and in eilMcaliou in these Tnited States, that this orii;an~ 
i/.\tion hei"ch\ ur^fs ( !( )ii*4ressiona] action for [)ost-war national 
a(^)pti^n {)i tile metric s\ stem ol ux'asui'cments. 

l-'urthermoM\ the Asst)eiati()n is herel)\ empowered to take an\ 
nec-ess.uA action tu promote the pui'pose oi this resolnlioii. 



/ I )r.iu np and [)trschtfd in 

ll.iniM \\\ Hiker 



lh-pi"fseiilaii\ es ol the W'estinuhonse oi'tj;ani/ati()n. ])i*esent at 
this action, ut-re quick to ('\])ress h(Mrt\ ajiproval. Also. The 
Ho.ird f)! I)irt ( tois of the \atit)nal l\(hu\itioii .Xssoc-iatiou. when 
in!orni( (I of this .u tioii ol the NatioOid .Seieuee IVaehers Assoeiti- 
tioii. theii Mippo»». 
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rilK CKNTHAl, ASSOCIATION 

Ol' SCIKNCK AND \IArilKNI.Vri(:S TKACillKHS 

At a oknkhai. scission of thv nuH^tiiii^ of tlu* CJentral Association ol 
Science and Matlicnuitics TcaduMS lidd at (Hiicago on Novem- 
l)cr^j|||J^44, tlic following ivsolntion was presented and nnani- 
"^motislv adopted hy tlu* nienil)(MS present. 

This Association, now nearly a half ccMitury old, comprises up- 
ward of LOOO acti\e nuMubers. Through its official journal. School 
Scii^jicr and Mathematics, it has contacts with nuiny times that 
nmnluT in all piffts \)f the Tinted States and in several fonngn 
eonntri(\s. This journal has in the past published uaany a4;ticlt\s 
favoring a mon* uni\ CMsal use of dt»ciiuals and tlu* metric system. 

WiiKHF.AS, the ad\ antages of the metric s\\stem, well known to 
seitMitists and mathematicians, would be in harmony with the 
simplification procedures which will he a part of the post-war re- 
construction program, and 

W'nKHKAs, th(» metric system reduces all u(»cessary computation 
in !n(»asnrement to the operations of whole numbers, thereby 
greatlv simplifving tlie h^arniug of arithmetic by children, and 

W'liKHKAs. tluTt* has l)t»eu a long steady tr<Mid in nu^tric adop- 
'tiou hv 5o of tlie 57 countricvs of tlu» world, and 

W'UKP.KAS. there is no probability iimong the nations now on a 
nu»trie basis of going back to tlu* Knglisli system, thus necessitat- 
ing the ust* of two s\ stems with tlu» acc(Hnpanying inconvenienl 
and tinu^-consuming inter-conversions instead of one simple sys- 
tenj. and 

W'mkhkas, tlie close oi' tliis war will furnisli an opportmiity 
nt*\er bi^fore prcvsentt^d. when customs and habits have been torn 
loosr from their ruts: 

Tlwrrjorr l)r it rcsoh rd That tlu^ CtMitral Association of Sci- 
ence and Mathematics Teachers go'^ou record as favoring son\r 
form of legislation for inune(hate nu»lric usage* in those lines most 
teasible for metric a(lo[Uion. 

Drawn np and privseiilrd l)y 
|. T. (oliiison 

\li')til)t'r. Hiuinl of Directors 
('t)itral .\sscri(ifitui of Sci(')i(:c 
tnid Matlu'iiKitics 'I'cachcr.s 
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The resohitions by teacltens* associations given here are repre- 
sentative of the gencM-al interest among such bodies in the promo- 
tion of a wider use of the nietrie systeni in th^ United States. This 
supports tlie idem hc^hl by many that the movenient for metric re- 
form should stiU't in our schocils. 

^ COXNKCriClT X'AI.I.KY SKCTlOX. 
. ASSOCMATIOX OK TKACIIKHS OF 
MATHKMATICS IN NKW KNCLAXD 

C. H, Sedgewick, Prcsidcfit EHxaboth Spcirs, Treasurer 

Helen Wright, Vice-Premlcnt George E. Frost, Secretary 

The following resolutions were unanimously passed at the Spring 
Meeting of the Connecticut Valley Section of the Association of 
Teachers of Mathematics in New England, April 13, 1946, held at 
Northampton High* School, Northampton, Massachusetts. 

W^iKREAS, The present systems of measurement in the United 
Slates are cumbersome to learn and unwieldy to use, and 

Wheheas, The metric system reduces all necessary computa- 
tions in measurement to the operations of whole numbers, thereby 
simplifying the learning of arithmetic and the use of arithmetic in 
computation, and 

Whei^sas, The electrical, radio, jewelry and optical industries, 
the American Medical Association, the national and international 
sports organizations, and the United States Army are now using 
the metric system in whole or in part, and 

Wheheas, The metric system has been adopted by 55 of the 57 
countries in the world: 

Be it resolved. That this association go on record as favoring 
legislation bv both the federal TOvenn nent and the various states 
for inunediatc adoption of the metric system throughout tlie 
United States, and 

Be it furthei^ resolved, Tluit this association is ]uM e})y empow- 
ered to take necessary action to promote the purpose of this reso- 
lution, 

Eliot F. n()dg(\ CJiairman 
\\ allaco R. Rartlett 
Alfred K. Mitchell 
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Science • * 

Let s Be Scrupulous About Our "Scruples" 

R. W. MATTOON 

In 1821 John QiiiiiLy Adams prophesied that "the meter will sur- 
round the globe in use as well as in multiplied extension; and one 
language of weights and measures will be spoken from the equa- 
tor to the poles." Now, over one hundred years later, the metric 
system is used in common practice by all major countries of the 
world except the English-speaking ones. 

All 'ph\ sical measurements can be expre.ssed with appropriate 
combinations of the fundamental concepts: mass (m), length (1), 
time (t), and temperature. For example, acceleration has the di- 
mensions 1/t-; force is ml/t=; and electric current ( in the electro- 
static system) is m^^^Y'^'/t'. The quantitative specification of a 
measurement is expressed as the product of a niimber and the 
units of measurement. Thus 5 centimeters per second is the same 
speed as 3 meters per minute. ' 

Because nature seems to behave consistently everywhere^ the 
science of plivfiics is universal. With the acceptance and use of 
the single metric system of units, tlie language of physics has been 
made international. One of the very few exceptions is the follow- 
ing: in dealing with ruled diffraction gratings, English-speaking 
phvsicists usuallv refer to the number of lines per inch, instead of 
per centimeter, because their gratings probably were made with 
an integral number of lines per inch. But in practice the number 
of lines' per centimeter is demanded. Spectroscopic wave lengths 
are never expressed as fractions of an inch. 

■ The metric units are arbitrary but standard. Larger or smaller 
sccoudarv units varv as powers of 10. The prefix jni//i- stands for 
0.001, ccnti- for 0.01, and kilo- for 1,000. The kilogram is defined 
as the mass of a certain piece of platinum-iridium. The meter is 
defined, as the distance between two lines on a certain bar of 
platinum-iridium at the temperature of melting ice. The second 
is defined :is 1/86,400 of the mean solar day. 

In tlie Kus^lisli-speuking countries, there are many special units 
of measurement, and their terminology is confusing. As an exam- 
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pie, dnigtrists haw thviv own units of inuss, ouc of which, still 
used occasionally, is tlu^ ^\scrnplc;' The followiiig table, in which 
are listed the (»({ni\alents of sojne otlu^r Knglish units of niass, 
shows a hodg(»podge of ratios. 

^^•^^'^ apytlu;c'arics\scruple — 1 grain 

l).154:32oo() apfftlu^caries'scrnph^ r. 1 carat 
1— ^ ^ apotlifcarii'S* scruples - 1 troy ptMinvwfight 
l.o()7lS7 apothccurics'scruplcs - 1 avciirdupois (common) drain 

, (mass) 
apothecaries scruples - 1 apothecarit»s* ch\un (mass) 
2I,S7o apotliecaries' serniiles . 1 avoirdupois (common) ounce 

0 1 1 . » , (mass) 

apothecaries scruples 1 apothecaries' (or troy) ounce 

1 ^ (inass) 

^j-^' ' apothecaries scruples 1 apothecaries' (or troy ) pound 

apotluTaries' scruples 1 a\ ()irdni)ois ( connmm ) pound 

I'his tal)l(» hec.'onu's wry nuich sinij^ler if one conxcrts to i^ranis 
In nsiuLi; 

1 apothec aries' scruple ' 1.29597S4 tjrams 
or I a\oii(hipois ( ct)Mimon ) |)onnd . 4o.'),oy2-{ grains 

and then luerelv uses the metric units: 

1,0(H) milligrams 1 o;ram 
1. ()()() grains 1 kiloj^ram 

'I'he apothecaries.. and in fact the nuMuhers of the iMitire medical 
jnoh-ssion. are now ra[)idl\ conNtTtiuij; to metric units. 

In regard to lengths, the incii is e<jual to ^.ol centimeters for 
all practical pinposes. lu the metric s\st(Mn: 

millimeters 1 eentimetei 
100 ecntiiiieters 1 meter 
1. 000 UH'U'Vs 1 kil()met(M\ * 

WluMi (leahiiLj with xolnmes in the Isn^lish sx.stem, one nnrst 
rcinendHT l!iat l.::()(H)12 I'nitcHl Stales ijallons 1 liritish im|)e- 
rial gallon, '{'he relations hetween nal!{)ns, quarts, pints, u;ills, and 
fluid oimees an; eoidusinu. Then too. there are fluid otawcs for 
volmiic. avoirdupois o?/nrrs f{)r tnass. and trov c)?/nrr.v h)r mass, all 
in ( ouinton piac t«'e{\ It is much easier to renuMuher onh that 

I tH") cuhu cciitimctris (ur iniNiHteis) 1 h'tei 
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Kortuiiatflw tlu' whole world accepts the srcotul us tlio u>iit of 
tiiiir, H()wc\ci\ the int(M !iational eii.Vu;m of nauiiiiii; tlie lioiirs up 
^i ll instead of dcMiotiiig A.M. aiid e.M. wouUl a ^Hiuiesaver." 
Also, endless confusion would he niininii/ed hv the adoption in 
1950 of the world ealeudar-propostnl hy Klisabeth Aehelis of The 
World CahSndar Association, Inc.' 

The ceiitiiiracU* ttMupcM'ature scaU\ suggested hv ('elsius in 
1742. is rational. Thv tcMiipcMatiuv at whicli watcM* frecv.es means 
nuich ill our li\iiiij;. for helow that point inland sliippinti; cea.ses, 
drinkinu; wattM* freezes, prt^cipitation changes to snow, and walks 
and streets l)eeoiiie slippcMV. It is most appropriate* to call this 
teini)eratin(» zero: then a iic\ij;ati\e tenipcMatnre dcMiotes trcvz- 
iny;. whereas a positixe one does not. iakc^wise, the* temperature 
at which water hoils is important, and it i.s conx cMiicMit to denote* 
this temperature as KM). ralirenlicMt in ITl t chose /ero as the 
lowest tc*m[)(Matiir(* ohtainahlt* with a salt-ice^ niixtori* (hut it 
wasn't (iiiite». and 9(> as the normal Imniaii t(Miiperaturc* (we'd all 
he siek! K There's nothing nni(in(* ahout o2 or 212 KahrcMihcut, 
so let s usi* 0 h)r the temperatnn* at which water frcMv.es and 100 
for the temperature at wliicli water l)oils. 

• Tlie United .States and Canada lia\c* a decimal moiK^tarv sys- 
tem, riie calorie is replacing the Britisli tluMiiial unit. La])els on 
canned ^oods and ho\c*s are l)eing iiiarkcul also in grams and 
liters. The world is steadilx" growing smaller. l.et\s go metric, 
step l)\ step, and he scrii[)ulous ahout our "scruples. * 

'\ \\c M(*tric .Sx stt^in in (!luMnistr\' 

11 MiOl 1) W HXKKH 

To workiuii in the field of chemistrx. a change to exchi- 

si\e use ot the metric svstem would he a \ er\ simple matter— and 
morr than wt-leome. l-iliminalion nf noii-nu^lric units would iacil- 
rfale pr.u tiealh e\er\ application of iiieasuremenls in relation to 
eliemistrx . 

Till' si/c i)v tvpc of unit ot measurement is a matter of indif- 
lerene<' to th(* prochierr of raw materials. The raih'oads or otluM* 

!■,!. i! l..wMiM-4. I ilfl. \v.mi«-. \r\\ Vi.ik ZO. \. V. 
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common carriers either are using metric measurements of could 
make the conversion with a niininuun of difficulty. 

Chemical maaufacturers are already using metric measure- 
ments to a large degree. All their foreign trade except tliat with 
British countries requires metric units, and now that the medical 
profession demands standardization on a metric basis, there is 
little field left for use of other measurements for chemicals. All 
of the metric units are convenient hi size, and conversion scales or 
factors are a simple solution for making the change to complete 
use bf the metric system. Specific gravity is itself a metric unit; 
the old use of density is rapidly fading from tlie picture. 

Any slight amount of equipment which the mamifacturers 
would have to replace or recalibrate would be fairly well woru 
out within the suggested ten-year conversion period. In manv 
cases there would be no greater need than a replacement scale of 
metric units. 

Merchandising of chemicals to the average purchaser would ac- 
tually be facihtated by the use of metric units, because of the 
simplicity of the decimal multiples. In school laboratories it 
would be extremely desirable to eliminate the confusion caused 
by other than metric units. The writer cannot recall a single in- 
stance in over tliirty years of clu*mical work wluTcin aiiv other 
units would be as convenient as tliose of the metric svstem. 

In calculations dealing with gas volumes, the metric svstem is 
standard. In eomputaticm of percentages for any pur])ose, tlie 
decimal system saves work and possible confusion. Volun\etric 
and gravimetric measurements, are all metric. ^ 

We could dispense entin^ly with the Falip.Mih(M*t teinp(M\iture 
scale. If necessarv. a conxersion table or (»((uivalent scah^ could 
be used until all v(\stiges of Falirenheit use luive disappeared. In 
this field, us in all others, standardization upon metric units would 
mean simpler and more e.xact calibration of instruments; such in- 
struments could thus sa\ e time and gi\ e more trustwortliv results. 
Th(Mi. too, tlien^ would ])e no problem of conv(Msioii of units as ii/^ 
an unwieldy. unscicMitific Fniilish svsttMu, ' 

Mentioned elsewhere is the definite dou])le saving of time and 
effort tliat wpuld result if the metric system were the onh* one 
tauglit in our schools. Fractions would become— ^is tliey arc \\\ 
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chemical problems — merely indicati\ e of divisions or proportions. 

It is interesting to note that electricity, radio, and rnedicine use 
metric measurements exclusi\ely. If the various industries which 
have ahead)* converted to the metric system have found it a finan- 
cial sa\ina; within a short time, certainly other industries would 
similarly profit by the change. The U. S. Coast and Geodetic Sur- 
vev used metric measurements for its recent job covering the 
country. We even have to pay our taxes on the decimal s\ stein! 

Onlv the Hritish Empire and the United States have been back- 
ward in this matter. Are we going to l)e blind enough and stub- 
born enough to forfeit our share of world trade to the count^ries 
which are smart enoush — ves, almost everv other country in the 
world — to see the advantages inhereiit in metric measurement? 
Science the way. 

The Metric Svstcni in Meteoroloev 

CIIAHIKS K HUOOKS 

) Vi.TiioucH mc^teorologists in theiv e\eryday work for the public 
\ must talk in terms of inches and feet and miles when referring to 
^rainfall, snowfall, or wind \*elocity, in their scientific Avork they 
can cuiplov tin* metric units, which in many respects are more 
convenient. In the measurement of precipitation the standard in 
use in most countries is the millimeter. It is possible to mcnisure 
li^lit rainfalls down to 0.1 millimeter, but climatic tables are nor- 
mallv pu})lishcd in whole nullfnieters, which is certainly close 
<Mion^h for practical use, in \iew of the micertaiuties of measure- 
ment. Whole nnlliuieters rcupiire less spiU'e for printing, and since* 
thev have no decimal point to gt^t misplaced, there is less chance 
for (MTor. 

M(Msnrenient of snowfall in c(Mitiniet(MS, and, in the case of 
light falls, in niiilinieters, is, for the sanu* reasons, more satisfac- 
tory than in inchev' Owing to tlu* grt^atcu* uncertaintii\s of snowfall 
tlian of rainfall n)e:i^urements and to the fact tiiat the water 
(»r jiiivah'nt of snf)W isVipproxiuiat(*ly one-t(Mith its depth, snowfall 
(lata an* normally published only in whole centimeters. 

In wind measnrcnu^nt it is anonuilous to employ miles per hour 
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' fxcrpt.' ill coDiiixtioii with fK iiig or knots twccpt in coiiiit^ctioii 
with iia\i<!;atioii or iia\al a\iatioii. Only tht^i docs ihv mileage of 
th(» wind haw significance. Mnch more to tlie point is the desig- 
nation of speed in terms of meters per second. JIcmv, too, tho 
metric unit is mort* rcnisonahle than the iion-nietric' miles per liour. 
One m<»ter p(»r s(»cond is roughly ecjuiAalent to 2 1 '4 miles per 
hour or 2 knot.s. An accm acy of ineasurenient to 1 meter per sec- 
ond is id)out as good as aiiein(imt*ters can hv exp^*cted to gi\*c\ 

In aerologieal work the metric imits of h(Mght, namelv, inciters 
and kilometers, are much more* convcMiient than feet and miles. 
Ill tact. \\v ha\e the somewhat inconsistent fashion of talking 
aI)ont aerologieal heights in kiloinetcM's and liorizontal dist;uic(\s 
in miles. A balloon is weighed and its {\vc lift determined in 
Ltrams. Its diainettM* is nu»asured in meters. /\ oalloon containing 
I ciihic meter of hydrogen can lift approxiinatelv 1 kilat^nlin. 
This tact is \er\ conxcnieiit in making calculations. The/)allooi> 
when rc^leased ascends at so many ineters per minute. V 

In theoretical meteorology there is a relationship between tein- 
p<*ratu;-e and change* in litMght of a mass of air» which in metric 
units is the \ cry con\ enieiit \ alue of 1 centigrade pc**' 100 inciters. 
This is the rate at which air is cool(»d bv thi» work it does in e\- 
pauding as it ris(\s — the ra^e obserwd norinally below cunuiliis 
clouds on a smm\ day. It is callcul the* dnj adiahatic lapse rate 

In the measu)"emeut of atino«pheric prcvssure, millibars, which 
are pressure units, hiwc replaced inches or e\en inilliinetcrs, 
which are linear units, in the weather scM'\ices of tlu» world. Be- 
fore this change, pressure was incasnrcu'l as tcMuperature would 
ha\e been had W(^ usc^d a rulcM" to measure* l]\v length of tlu* iner- 
enr\ column on a thermomet(*r in inclu\s or niillimeters inst(»ad of 
readinii; dcLH-ec s direct. 'I'he millibar is a dynamic unit and is dec- 
lined as a i)i'essur(M)t 1 kilod\neon 1 scjuare* c(*iitimeter. 'i1ie bar, 
nr I mr^.ulxuc pressun^ on i s((uare centimeter, is the iiiegacKnc* 
aliuospherc ot !neter)rolouists. It is a little* less than the standard 
atfuosplirrt-. whic-h is l.Olo.o millibars; !)ut. since it ri*preseiits l\\v 
.ixriM^r prcssiin- at oiil\ !()(> meters above sea le\eK the niega- 
<l\uc- baNc is thr standard in pressure* computations b\ nu't(H)rolo- 
Uisfs. I ntni iin)afel\ UK'teoroloijists. w hrn tlie\ applied the ivMW 
Ihir to 1 mr'j:ad\iM' per s(|uaie ceiitiiiH^ler. did not reali/e that 
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only a tVw yoars ourlior physicists and duMuists ha<} used this'tcrni 
for a unit of prcssinr a tinjes snuiUcM*, only 1 dynivper 

sTJnaH* (vntinii^tiM*. Thv hitv Alexander McAdie fought unavail- 
inyly for (h^cades to u;i^t njeteoroloi^ists to abandon their new bar 
in fax or of the old and to use the kilobar, rather than the niillibar, 
for th(^ eonviMiiiMit unit of pressure for tables and wiuithiM' maps. 

By us(^ of millibars instead of iuehes mi^teorohv^ists carry refine- 
ment in baroujeter r(\iding to the u(*arest tiMitb of a millibar, in- 
stead of' to the mVaninulesslv refined thousandth of an inch (one- 
third as ^reat ) or hundredth of a millinieter (one-eighth as 
great). Publieatioii is facilitated.by ofnitting the hundreds, for 
th(^ pr(\ssure at sci* h*vel .rarely goes below 950 or abo\e 1,050 
millibars. 

A ha\(^ .not nuMitioned, thernioujc^ter scales, since they are not 
slrtC'tK Jn the n)(»tric .sxsteu). but here I should like* to describe the 
K(^l\ iu-kilo«j;rad scale di^\ i^st^l bv; the late Alt^xandcM* VIcAdie.' This 
sealc* calls for 1.000 l)etw:(HMi absohitt* zero and the U)(^ltiug point 
of pure ic(\ Hu* units of thi.s scale are conviMiiiMitly small. They 
ar(» about half the KahrcMiheit degrivaud thcMi^forc^ about the 
right si/e fo.r uu^teorologieal purposivs. TluMi^ is no niu^d fbr tem- 
[M*ratures in tiMiths of kilograds i^xeept in psyehvometric work. 
.\nd. as c;u all absolute^ scales, theri^ are no uc^gatixc tiMuperatun\s. 
In ordinary nu^teoroloj^ical work l-'^bienbiMt is [)ri^fiMable to cen- 
tigrad(\ but liu^ kilonrad is still better. For human pnrpos(\s, how- 
ever! the FahrenluMt seale. with its range from zero to 100, from 
the "e\trcmel\ cold'* to tlu» "(Wtreiliely hot." is aliuost perfect, 
e\en thom^h iu#lhe strict physical or thcM'modx naniic sense thesc^ 
numbers are \\ ithoiil siL!;uifieauc(\ 

Kadiatiou is measured l)\ uu*t(U)rologists iu tiM ins of gram calo- 
ries per sc[ii.tre ceulimeter per minute; or. rather, tlu^ m(*asuri^- 
mcul is ?)ia(h' iu lei ius ol the ([efl(*ction of a gal\ anometiM* iu nii- 
eroamprrrs or minixoUs and th(Mi converted to calories. When it 
comes to ap[)l\ iuLl solar radialiou \ ahu\s to tlu* needs ol iuchitects 
iu plauuiu^ house hcatiug iu (UfF(M*eut climates, the values nmst 
be convrrtcd to British thermal units pcM* scjuare foot, thiis giving 
mmeecss.irilv lar^e u'uubers to deal with. l*\)r instautaueous vab 
ues. the iut* nsitir^ ale statiul iu calories and huudrcdtlis: but h)r 
daiix vahies. thi*v ai*c slati'.d iu whole calories. 
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These aro a few of the. uses to which metric units are put in ^ 
meteorology ami in which they uve definitely superior to the Eng- 
lish units now in popular use from the standpoints both of con- 
\ cnieuce in use and of economy in publication, 

Hesolution in Favor of the Metric System 

AMIMUCAN ASSOC:IAriON FOR 

~~ iiiK adva\c:kmi:nt of scifnce 

\Vn»:iu: AS, Tlu» metric system oi weights and measures has not yet • 
be(Mi brought into generul use in the United States, and 

WiiKHKAS, The Anu»ricau Association for the Ad\ancement of 
ScieiKH* has already adopted and published resolutions favoring 
the adoption of the metric system of weight,s and measures in the 
riiited States; therefore, he it 

Ih'solvrd That tlie American Association for tiie Advancement 
of Science n-affinns its hv\\c\' in desirahility of the adoption of 
th(* metric system of weights and measures for the United States, 
and reeommends tliat the uuUs of that system be used by scien- 
'tific men in all thiMr publieations, (Mther exclusivel}' or else with" 
th(^ cMstomary nou-nu^trie units in parentheses. 

Adopted by the (Council 

Thv Metric S\\stem in Electrical Engineering 

A. E. KENNELLY 

Tni.in-: are at pr(»s(Mit four main di\isions of engineering (exclud- 
ing mililar)' engineering), namely, ci\il, electrical, mechanical, 
and niiniu'j; engineering. Each ol these subdi\ides into various 
reco^iii/ed brandies so that there are in all ncarlv fortv different 
branehcs of tMiginecring. I hey all rest U])on the same fundamen- 
tal scienees: eliemistry, (economies, mathematics, and physics, 
nsiu'j; tla-sc latter t(M*ms in their broad meanings. . , 

Kleetrical engineering may be described as that di\ ision of en- 
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giiu'oring in which' tMnpluisis is laid upon the applications of elec- 
tricity and inagiu^ti.stn. From this point of \ ie\\% electrical engi- 
neering is merely one di\ ision of the entire field and very much 
younger than the other divisions. 

Although electrical engineering is relati\ely young, it^Ms 
gained grc^at importance allover the world It is not onlA'^ assum- 
ing a prominent vole in the general field of cMgineering, Imt it is 
also entering into the specialized work of thr other divisions of 
the science. It has niade extraordinarily rapid strides in the last 
forty year.^ both in' this country and internatiouallv. 

Various reasons might be offered for vbe rclati\ (*lv rapid growth 
of (electrical engineering science. As will he generallv admitted, 
one reason is that the electrical units employed in electrical cn- 
gii-eering the same all over the' world and are associated 
with the international metric sy.stem of weights anc measures. 
U'herct s the UTiit.s (Mn[)l()ye(l by ci\ il, nu*chanical, and mining en- 
<j;ineering, such as the foot-pouiuL the gallon, the inch, or the acre, 
ar(* different in the English-sptMkiiig cou:itri(\s from tli ;s(* in other 
countries, the (*lectri'jal unit:. Iiuvc ev(MywluM(» tin* sanu* nu^ui- 
ings and valiuvs. Interiuitionui use of standard units is of great 
adxantam* to the pr()gr(\ss of.an applitnl sci(Mic(\ Ideas spread 
raj)idly and transplant tlKMiiS(*i\c\s -^adih* mul(*»' such conditions. 

Tlu* ii/t(MMationall\' adopt(Ml el'^' M-ical units arc: the \ ()lt (after 
\*olta'. oinu. anip(*re, ,vatt. jo** coidonib, henr\, gi'.uss, and 
uia\wt*ll. ()iu»'ot tlu*s(» (luMU'y) is naiii(*d aft(M" an AnuM'ican (elec- 
trician: three* (joul(\ watt, and ma\W(»ll), aft(T Englishmen: t\/o 
• ampere* and coulomb V i\{trv I'renchmtMi: two (gauss and ohm), 
.ittcr (.'frmans; and awr ^xolt). aft(M' an Italian. All tliese imits 
au» (lefint'd as decimal chrixativts of tlu* nu*ti^' sssumu. Tlu^ir 
standruds ij,re maintained in the \'arious natif^iial 1 >boratori(*s ac- 
(•ordim^ to iiit<*rnational specific-ations by wbicli tlu* luiits may be ^ 
prt cisely r(*prodiu.c*d. Tims, in tlu.* Tnitcd States, tlu* standard 
inl'*rn ttioiial volt olim. amper<*. and so on. ar(^ maintained at the 
National bureau of Standards in WashiuL^ton, 1). (). An intCM'ua- 
tion d ohm. as thus deternn'ued in tlu* rnit(*d States, is the sani-* 
as an international ohm deternn'ned in 'Lon(h)n. Pari^. or borne* to / 
a \t-rv liii^li (le'^ree of i)rc*eision. There* art.* certain mimite dis- 
erep uieies between the above-named international (*l(*etrical uniis 
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lliiis slaiulardi/ccl and the tlu^orctical ni(»tric* \alucs on whidi thov 
arc basctl. owiuu; to the iiccuvssary iinp(Mlrc*ti()iis of plvvsical 
know and nicasnrcincnt at the time ( IWH) whrMi the stand- 

ard specifications were adopted Thns there is a ecMtain ininntt* 
(hlleieiiee hetweeii the theoretieal nietrie ohm and the aetnal in- 
f,ernation.iI ohni; hnt the (h*(ferene(» h(»t\\cen them is so small that 
it has not \et heen aii;re(Ml upon int(MnationaIl\ . If th(^ (h'fierenet^ 
shonid \)r a'j;reed npon, it is not hkel\ that th(^ international olun 
' )nhl he ehanu;(»(l. A .small nmu(Mieal eorreetion wonld prohahK* 
l)< a[)[)Ii<*d in the spec ial eases w here the hiiijhest scientific aecn- 
rae\ was needed^ The first standard ohm w.is iss'ned in Mn^laud 
I., the British Association for the A(hane(»ment of Seienec* abont 
iSfjo. ' It was c alled the "Hritish Association ohm. ' With it \V(M*c 
associated a British Association \olt and oth(T standards. The 
British Association ohm was fonnd to h(* too small in r(dati(Mi to 
the true theoretical ohm, h\ more than l-^)er ctMit. .\ new stand- 
ard ohm w as . issued internationalK in 1S.S2, callcHl tlu» "](»gal 
ohn; ' and was more c'loseK adjnstt^d to th(^ theoretical \alu(\ T\\v 
present inteiiia(i()nal ohni Wtis a^recul n[)on internationalK' in 
iS^Jo. and made a still closer adjnstniuMit to the theorc^tical A ahie. 
Il is Iikel\ t(» n. inain nnchamjc^d for some time, since* the ont- 
staiithii'^ error is ichiti\ el\' \er\ small. 

It is not to \)V sn[)[)osed that the nsc of thesi* metiic mn'ts is (*\- 
ehisi\('I\ chH trieal. The jonh* as a nnit of work or ener^w and 
watt as a unit o| ac"ti\it\. rate of wtjrkin'j,. or pew<M\ ar(* inch^nl 
flec*trieal nnits; bnt the\ are also and ('((iialK mechanical or chem- 
i<-al nnits. it is !)oth ac-enrate and convenient to measmc* nu^chan- 
iv ..I pow ei" either in jonh's or in w att -honi's. Moreo\ er, to u;i\ e an 
idra of the sent widespread nse of these metric* nnits in Amer- 
ica, it will siiKicr lo reniemher that {'K'cti"ieal ener^x' is sold 
nni\{isaIK m t<-inis nt the kilow at t-honr. or l.OOO wattdionrs, 
whrthr' ihr t'*-(tric ener'^v has heen ntih/ed to drive motors, 
lnat tiiinaees. (ii '»pri\iti* Kimcis. I'a er\ month hnndnxls of thon- 
s.tuds mI hills tiu' elc ( trie ( ncruv are [uescnted and [)aid. all on the 
Ini!')W .itt diuur basis. 

jii thr stndv oj thi* piinei])Ies of electiical engineering, r? knowT 
< du' '»f tin' nnd( lb in uieti ic* s\ stem — tlje niet^ r, h'ter. and ^ram 
s\sti iii -Is it'<|iinetL It is probabb coucc-t to sa\ that all the col- 
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lci!;fs in tlic riiitt'cl Stales which tciu^h .c luMiiistrx , phssics; or clt^V- 
tric-al (MMj;iiicfrin4 viilwv call for, or still, a knowlccli^t* of tin* 
iMftrii- .s\ stem aiiiunu; their stiultMits. 

The rapidK (AtciHliii^j; use of radio t(*l(*ii;raph\ — the so-fallccl 
^'wirclcs.s tclc'^raphN " — has also . 'tlx clc\ eloped the use in this 
t'oniitr\ of th(* international nitlei; hc^eanse all international \va\e 
lengths are in meters, and the new hroadeastint; stations pnhlish 
tilt* lengths of their Wti\es in meters in the iiaiK papers for the 
henefit of amateur reei i\ in^ stations. Is it an\ wond(M\ theft'fore, 
that the nietrie system is steadily infiltratinii; our dail\ press, our 
!na'j;a/ines, and t^eneral literatur(\ sinee (deetrieal (MieiniHM'inii; is 
so acti\o an adv ertisinij; ai^tMit."^ 

While this artic-h* was heiny \eritteu, an interestini»; hook eaini* 
into tlu» N\ riter s hands wliieli serves aptK as an illustration of the 
wa\ in u hieli the international metrie snsIimu is eomin^ into iien- 
eral literalnrtV l lu* hook is called iind Wcafhcr. and was 

written l)\ the Uieteoroloiijist AlexandtM' MeAtHe. it is a eharnii!i<Li; 
e\[)()siti()n ()f the wa\ s of tlie winds, written for the [)ul)lio and not 
h)r specialists. It uses meti'ie units without apolou;\ and without 
pretense. Ahout one-thiicl of these metrie expressions are aeeom- 
panied l)\ eori'espondiuLi; pai'eiithetieal non-nietrie e\p!'essi()ns. 

At the present rale of ad\anee, e\eu these parenthetical non- 
!n(;lrie e([ui\aK'nls will piohahK hiM'onu* superfluous in the not 
tar dislanl future. We iua\ readiK I'emeuilxM' that the metei' is 
rouiihK a \aicl. not so much as 10 per eent louder than a ^ard: so 
that We nn^lit deserihe a inelei' as the international \ard. Siiui- 
larl\. .1 pdiiud is lou^liK a half kilo'j;rani. and the halt kilogram is 
in (Aeess of our pound ii\oirdui ois also 1)\ appro\inKil(*l\ 10 per 
cent. \W ini^hl llius deseiihe tlie ludf kilogram as llu^ iulerua- 
lional pound. In I Vanee todav the woid line ( pound ^ is used to 
mean the half kih)'j;raiu. e\(\'pl in liistorieal references to the old 
I Veueli puMiul. A*j;aiu. the liter is lou^lil . etjual to a I'uited States 
li(juid (juail. ami the liter exceeds oui liijUid (piart 1)\ ahout ft pel' 
(fut. We nn'^lil thus deseiihe the liter as the internal i<Mial (|Uart. 
W e .ilieadv have ihe mleinational earal i 200 niilli^iams ^ for 
(leahn'4 wilh di.iuiouds and other pnx ious sloiies. This lias been 
adnple<l h\ I he 1. S. MuKMU ul ( uslonis \\ ilh ^real success, 'i odav 
e\<-r\Mnf {.m leadiK undeislaud what is nieaiil 1)\ an iulcrua- 
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tionol carat; wluM cas a few years ago, before the nietric value was 
adopUul, there was imich confusion associated with the word 
carat in internatidnul trade. 

In \icAV of the fact that eh»ctrical engineering has aheady in- 
troduced th(» units of the nietric system into wides[)r(?ad pubhc 
usr\ there is no (piestion as to whether the system will he gener- 
ally adopted in the United StatQS; The onlv question is how soon 
it will become gentTallv adopted. There are various opinions as 
to th(» answer to that question, hut if we compare the general lit- 
erature* of tlie prtvseut day with that of a generation ago, we can 
realize liow rapidly the change is coming. More than fifty coun- 
tri(\s liave already made a change from their local measurement 
syst(M)is to .the nietric systenu and not (me has expressed a desire 
to eo back. 



The Wvh'ic S\ stt^iu in Mechanical Engineering 

LOUIS KLMOTT 

I!i{A( Ti( ALi.Y all the countries in the world except the English- 
sp(*akinu; — Which, indeed, contribute most heavily to vohnne ol 
manufactures and of couunerce — have legally adopted the metric 
s\st(MU of weiglits and measures and use it in all sorts of transac- 
tions. .\s a c<uist»([u<^nce tlierc is an undesirable disci epaney be- 
t\V( (Mi tht* praetie(M)f tlic United vStates and Hritish countries and 
tliat ol the rest ot tin* world, paralleling the differcMices in lan- 
<j;uaij;e and enstoni and, like tluMu, contributing to gcMieral difli- 
c-ult\ in international iuteM'eourse*. 

(irave difF(Mvne(» of o[)iui(>n prevails in this country between 
opponents vuul a(lv()catc\s o[ tlu^ uu»tric syste^m as to the ad\ is- 
ahilitx .of adopting it in nuniufacturiui; and trade. This cliangc* 
uiii^ht ])(• aeeoniplislK^rl soontM' or later tlirough education, tlirougli 
action 1)\ \arious public or prixatt* bodies, or through l(\ii;islation, 
\o tlinrou«j:l\ siu(l\ lias \'ei been uiadc* by govenuncMital agencies 
or others of tht* ;ulv isabilitv and cost of adopting nK^trie iuea.sures 
in place of tlu* so-called l^iujlish "hodgepodge*/* W'hfh* sonw* of 
the o})(» ( lions to the luclric SNsteni have r(*siilted from study of 
lh(» situ.diMii .111(1 rcpies(Mit siTiciM-(» opinion, many, on tla* other 
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hand, luive hvvn the result of prejudice and of sliortsighted selfish 
interest, and have had no factual l)asis. There have been state- 
ments of doul)tful validity to tlic eHVct, for instance, that the 
incli, tlie foot, and the pound are inherently more convenient in 
magnitude than the centimeter, mc^tcM', and kilogram, or that dif- 
ferences* in eonxenience \avy with flie uses to which these units 
are put l)ilt are ne<j;li^ihle, given ei^nal familiarity with both. 

It is ((uite natural, as a result of inertia and conscTvatism, that 
a radical change of this cliaraelcM* in cnrriMit practice should be 
opposed bv those ^vIlo are r(\i.sonably satisfied with existing 
weights cuul nuHiS!irrs and who would inem' a substantial expense 
' bv conversion for a biture l)enefit that cannot definitc^ly be cvab 
uated. In uiosi hues of work relativel)* few weights and m(»asures 
are re(|iiired. luxl faniiliarit\- with tlies(» and their subdivisions 
makes thtMii app(utv simple* and iwsy to.nse. 

Sci(Mitists and educators iu general favor the metric systinn. 
There is a e()n.sid(M*ahlc» group of sinc(M'(» nu^tric advocates who 
hav(^ no dollar stake* iu eouNcrsion. On the otlier liand, many 
maimfaeturers ar(* opposcul to mc'trie uu^asures and state that con- 
\crsiou, <4rachial or rapid, would entail griMt cost and that the 
riniilisli .s^ st(Mu of wcMt^bts and measurers is better tlian tlu* metric, ^ 
'I'he prcxaihng iuHuence to chite has naturally becMi tj^rtt of the 
LU'Onps adxordtin^ the status ([uo. who ha\(* a snl)stautial mone- 
tar\ stake in the inatt(M'. H* is leeouni/ed that conservatism on the 
part of ruiiiur<M's and others in tliis country, attaehm(Mit to the 
Kniilisli sxstcui of uKMSures, and long familiarity with its w^v — 
whieh !n(\uis- al)ilit\" to get definilc conceptions of values ex- 
pr(-ssed iu that Kxstoni — militate against thoroughgoiiig adoption 
of metric s\.strui in tlu» l'nit(*(l States. 

rsK oi \n-.ini(. mk\si lu-s i\ i:\(a\i-J lUNc l ac^jKc r5> 

A number of en'j;ineerimi; (irnis were asked some tiiu(* ai^o about 
their [)raetiee and 'j;eneral opinion in rc^gard to usiiej; metric* uieas- 
lu-es in aoal\/in'4 probhins aird pre]>ariu'j; plans, espeei.illx for 
fon-iun eli^ nls. It w.is found that eut;ineeriiuj; firms tre<(uently 
ntili/e ni<-trii' \\i'i'j;lils and measures iu work on toreiuu piojects. 
In prac liealh all eases, lio\\e\ ers it appevus u<'eessar\ or ad\ isabh^ 
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to make rcrtciin. drau iiitl.s to hotli iMicrlisli aiulMiu^trir ini'a.suri\s or 
"to Kiiylish measures only, particularly for iiiat(Mial i^r fiinipinciit 
inaiMitactiircd in-tlic riiitcd StatC'* l\)r constriiction plans ot* 
work to lu' iiiuUMtakiMi in tlu* foroi^ir l\c\d — .such as those* slunV- 
iipj; builcliun and o((uipin(Mit Foun^latious aiul thosi' c'oxOriu^ <i;cii- 
t'ral plant arran^cnuMits — metric niiMsm(\s \u'c more fn'cK used, 
with less llnnlish adiuixtiu'e. ^Indeed, some Latin Anu*rican conn- 
tries recjuim* the lilini^ of plans showing project oritline and impor- 
tant (letaiK in the h^ually adopted system ot 'measures/'that is, tlu^ 
metric. The testimony with respect to introdnction of metric 
measures in American draftinij; roonrs i.s that Ifttk* or no difficnitx 
is experienced. 

^ ()\er tlie past thirt\ \ears the eu^ineiMin<r firm w ith which *the 
writer is connected has prepared to tlu» nu»tric measures desipis 
for electric poweu stations u.n^ri\L!;atinir 200, ()()() kilowatts in ea- 
[)acit\, and to the I'ln^lish uieasnres designs for stations of sexcral 
nn'llioii kilowatts' cai)acit\. PropiMt\ dinieusions and elexations 
in nu'tric de%i^ns are'^ixen in a)U(» unit onl\ — the meter— and 
eniiineeiinii; [Aaws of [)ower or inchistrial plants (jr of e(|ni[)ment 
also Use one tnn't — the niilliuK^ter. DiineiisioniuL; on an\ one 
(h'awim:; is tlu-retore of the utmost sim[)licit\. a\oidin^ the usual 
multtj^^mits, such as h't^t and inehes^uid the awkward fractions 
ot the latter. Compare, for instance,.the ilesi^n of a steam tnrhine 
drawn to Iaej;lis]i nu'asures with one in nii^trie units. Hie siub 
plieity ot the latter is e\ ident. 

It is tound that engineers and draftsman who are untannliar 
\\ ith metric units cau'soou learn to nse them ec-ouomicalK in de- 
si^n W()rk. In u ork tor h)rei^u clients there is. at present, the (ht- 
iicnltx arising from disparities hetween ^\merieau and h)reinn 
staiidards. Hecoiiriliation of such standards wmdd he of ^reat 
hcncfit to those en^a!4ed in eu^ineeiiu'j; noik tor forei'^u coun- 
tries and would iinproxe the position ot the ruited States in this 
field. 

I)t l.aval S«-paiat')|- (.ompan\ has heeu usiinj^ the meti'ic sxsteni 
.!wHit thirl\ \ ears lor all its designs. The maiiauenicnt of that 
i(inipan\ is eonxineed that the (n)st (onxersion 1)\ aii indusfix 
'jom tin lae^lish to the nietrie sxstem would 1 )e it'inil )nrsed 
Wlfhm a |( \\ \eais l)\ tin* lesullanl econoniies There aie W ide 
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(liffcnMifcs III the cost aiul complication of con\crtin<i; various 
l\pcs ol iiiacliiiicrN.. Part*^ of scrc^w-ciittinij iiiacliiocs, universal 
niilliTs ami aiitoiiiatic ncar-cutttM'S. for instance, would have to he 
njodified or rei^)laeed. Other tspes of niachiiUM V, sucli as planers, 
pnxhietion injlK-rs. (hiHs. and horini; inill-s. could hv used without 
uhicIk if aii\ , nio(h'fieaiion.. There wot h(* suhstautial extra cx- 
[)eii(h*lin'es for new seah's, niicronietiM'S, and ua'<i;es, and for jij^s, 
templates, and patterns if these were eon\ erted to the metric sys- 
tem hefore tlii'N Were worn out or otherwise* obsolete, 

Aiiierieaii niannfaetnrers. sales conccM'iiSv and (*u<i;iueers who 
suppK (»(|nipnieiit or service t(^ Latin American and otluMMuetrie 
eoinifi ics would cei lainK find an advantage in adopting the metric 
s\stein for sui h work, in conformity with local lenali/ed and ap- 
pro\e<l praetiee with ri'speet to W(M'<;hts and ni(\isures. One of 
the advantages that (iernian and i)ther luiropean competition has 
had dnrin^ [)ast decades in South Anu'rica is that <;oods, eni^iuecr- 
in^ ennipinent. and stnietnres. as well as siM'siees, Ikinc been sup- 
plied on ihi- hasis kiiowu and desiicd 1)\ customers. i)\\vc AukM'- 
ieaii (irniN tliseoveri'd that these are* profitable pravtices, the 

, revised ^falldards eould he adopted without lijreat difficnlt\. This 
is iiidieated 1)\ the al)ilit\ of American uiamifactiirtM's to produce 
•j,uns and nther war materiel to metric iucasures. as well a,s hy 
peueetime utili/atioii ol nu'trie standards 1)\ »iian\ iudustrial cou- 
eei ns ill this i oimtrv , ' , 

The outlook lor keen eom[)etitinn with Mmopc for Latin Amer- 
ican trade indicates that ITiited States manufacturers, techui- 
cian». and governmental authorities should make (»arly ])1airs for 

' placin'j; \\\\^ enmitrv in a fa\n!*al)li' position to ti'ade. W'idesprc^ad 
nxe nt the inetiie sVstem of uiM'uhts an<l uummu'cs would Ix* a po- 
h-nt fa( tor in this eomiiej; st!ii'j;'j;le. It would i-oiitrihut(» to l^ootl 

' imdersl.ni(hn'^ w ith clients and ( nstomers and would he a taii^ihle 
I nnti il )nf iun to "^ond-nei^hhor polieies. 
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What ^innltl he dniie. and what can he (Inw?. to reconcile the 
nUed Sl.lte^ st.mdanU <»{ ineasuremeiit. in iu(fiistr\ and trade, 
with lhf)>( •)! lh> o-^l ot^the world.'' 



TG TIIK METRIC SYSTEM 

The coiiiitrv alivady bus a decimal series of numbers and a 
decimal cnrrencv. Tliere is important utilization of metric mpas- 
ures in tin's countrx' in laboratory and other scientific work, in 
pharmaceutical praetiee, in electrical ineasnrcmeiits, by the U. S. 
Coast and Geodetic Sur\ ey in biisic triariguhition, by the U. ^S. 
Army in certain armament, and by important firms in manufac- 
turing, processes. Many maimfaetiners luive designed and fabri- 
cated to metric measures, ineludiug Baldwin Loeomoti\'e, Crane, 
General Electric, l)e Laval Separator, and makers of automotive 
ball l)eariiigs — espeeially during World War IL Some important 
firms, though tliey may not champion metric measures, are will- 
ing to gO; along with a movenuMit toward gradual conversion, be- 
lie\ing that in tlie end this will bring to American industry the 
greatest ('{fieiency and opportunity for foreign hus^iiiess. Some 
companies have estab'lished in inctrie countries factories in whibh 
that system is naturally used. 

OiK^ possible course for (Migiueeriug, industry, and eonunerce 
iti the rn4t(\l States is to "sit Hght," effecting no wide change in 
the m(\i.sming system but making certain detailed changes in 
praetie(\ The iueh niay be deeiuiali/ed for machine and other 
work, as has b(vn done by the Society of Automotix e Engineers 
for air[)lane engint* design. Catalogues may be prepared to metric 
measures, and metric labels and dimensions niav b<;^ applied to 
export ij;o()ds, as is now done to some degree. This eours(^ of nu'ni- 
inum action nn'ght mean indefinitely extended u.se of the English 
syst(Mu in this coimtry, with modest compronn'ses in foreign trade, 
.\ n^port(Ml proposal tliat metric nuMsurcs be crowded out b\ 
ioreinu ihv English system on all purchasers of equipnicMit made 
in Mniilaud and tlu^ Unittul Statt\s, is most ill advised; its suece^s 
would 1)(^ improbable, and it would t(Mid to separate tin? world 
into I'JMj;lish-speakiii^^ and non-l^nglish-speaking groups. 

.\iiother c()ur.s(^ is to finance and carrv on propaganda for in- 
llncneinii.^K^ people and C:ongr(\ss. This iniglit residt in radical 
ac tion. IIowe\er, nivuulatorv lc\L;islati()n imless su[)p()rt<xl bv i\ 
majoritv of intelligeut men in tlie fi(^lds affected, is seldom advis- 
able. 

A third and n rational eoni'se of aetion would in\ol\e a can- 
vass, by thr apj^ropii.itc arm of llu* rniled Stat(\s Co\erninenl 
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and by vavh iiu{)()rtaiil iiicliistrial, business, and general group in 
/' the country, to determine costs and advantages of change to met- 
ric use. A study of this kind might well develop opinion fas oring 
) conversion over a term of five, ten, or twenty years. 

Minor steps could he taken promptly, such as adopting the ccn- 
tigradt* tluMnionicter scale in place of the Fahrenheit, using the 
i^ram in place of the ounce as the basis of United States postal 
rates, standardizing army and navy munitions on metric measures, 
printing goNcrnniental and other data in metric \is well as Eng- 
lish measm-es, and improving metric instruction i\i the schools, 
M(>tric units could be further adopted in marking equipnjent and 
materials shipped to countries utilizing that system. Later, the 
Hter, the kilogram, and the metric ton could be introduced in do- 
'ni(\stic and foreign trade, superseding the quart and gallon, the 
pcmncl and the two English tons. Manufacturers might be left 
free to aclopt metric measures in shop usage when and if they 
considered the change profitable. 

WHY ACrrU^N SHOULD UK TAKEN NOW 

Through most of the industrial history of this country, technical 
contacts with foreign peoples have been somewhat limited and 
exports have not constituted a large proportion of our production. 
Now, liowcver, it is hoptnl that there will be more nearly "one 
• worUr and tliat industrial contacts with all other important coun- 
tries will nniltiply. Export trcule, particularly during the next few 
V(»ars, should be great, and, assuming reduction in tariff, imports 
will be lari^e. 

The difficulti(\s caused by di{lereuc(^s in language* and in cnr- 
renci(*s, and— [xnticnlarly duriuLi; World War II — by (lis[)arities 
in mechanical dinnMisiouing, arc^ well known. A fabulous valn(» 
ivas assiuned to tlu* loss caused din'ing the* war l)y the confusion 
iX^M-eu/thn^ul sLuulards. Honniud's rapid ad\aue(^ across Nortli 
Africa lias Ix^eu reported tis resuUiu*^ from inal)ih*ty ol tlie Allies 
to restore damamHl erim'pnienf by re[)laeenuMit parts, because of 
eoudict in standards. These are results, in the* main, of disparities 
;,^•♦H•eeu Kiiulish and ('iiit(Hl Stales standards; how unieli greater 
loss O'CU'.s from the wicha* difleren<-e bc»t\veeu Eughsh and metric 
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nicitMucsI Practically all coiiiitrit'S c'\cr.pt our own unci those of 
tlu* Britisli lanpin* l)a\c* adoptc^d luctric iiu'asin'fs. DillVrcucrs 
holwccn tlir iiu'tric' and tlu* lOni^lisli sxstcnis. and indiHul tlu? in- 
c'onsistiMic'ics l)('t\V(HMi tlu* lainlish and our own, lonstitnlc* on(» of 
tlu^Mnirs t() sinipli(*it\ of intiM*c'o\n\sc' iuid to casx How of ^oods. 

In ri'huildini; the worlch peace inid tra(h' are neeessarw The 
a^e of narrow nationalism shonld he o\er. Not all harricMS can 
he reinoxeih hut the Tnited Slates should maintain an interest in 
the welfare ol those* willinu; to join in creatiui; a freer world. /Aside 
from this hroad consideration, the profit moti\(» must raise (|UOS- 
tious as to whether or not. att(M' ^encMal reconstruction, this e()un- 
try can com[)ete elf(»cti\ely with nations that [)roduce u;oods to 
th(» iMcasnriMuents and standards of the \ast major't\ of customers 
iu South AmtM'ica, I*]uropt\ and Asia.. 

■rlu* M(*tric' S\ stem iu Miuiiiii; Mn^u;iiKHMiii,i5 

srwi.i.v wAij.s 

l'*A(a\i:KiUN(: is defined as "the science and ai't of utili/inu; the 
forces and matiM'iiils of uiitnre. Mining anil m(4alluru;ical (Mej;i- 
net-rinu;. in ();ulieular. is coiu'crneil with finilinii; and i»\lractimi[ 
raw materials, usin^ all of the forces of natm*e in llii* search for, 
e\j)I()itatioii of. and hiMiefieialion of. mineral ores, metallic or non- 
melallie. and fuels, solid or liipiid. 

'I lie \alue (A a miniM'al deposit is aliec-led h\ lot-ation. cost of 
exlraclion. proee^Sivs of eonc(M!tralion and refiiiiiej;. and Iranspor- 
talioii*{o its markel. 'Hie possil)ilil\ o| compelili\e coiKh'tions in 
that marki't deiiianils (lie maximum ijf i*|[ieiene\ in eat'li stau;(» of 
processing, and the miiiiiej; eiej;ineer must s.ilisf\ first hinis(»lf, and 
then liis prinei[)al. llial the re\emn* will he snKieienl to offset all 
costs .mil \ield a nturn o\ei- and aho\e the eosl ctjuuuensmate 
w ilh the risk in\ ol\ I'll. 

Sonii one lias s.u'd that "man is a iiieasiirinL!; animal, and a ne!n- 
ih^ eiiviiieer's reports — prelimiiiarv or opeiatiii'j; — ai'e little more 
fh.m a eompil.itio!! ol comparati\e measurements. 

And there. ri'j;|it thei'e. is (he lul). l'"or oiil\ (Mie ol the measure- 
ments i>» uni\ers.ill\ uudei stood and \ isuali/ed. with no possihih 
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ity of (Wnii\(Kati()!i — {\\v dollars and ctMits at'tlu* foot of the table. 
For the'haukiT, lUv trustee, the speculator, or 

*Tht* widow and the orphan 
W ho pray for ten per cent" ^ 

may In* hard [)ut to answer offhand how many S(piare feet there 
an* in an acre*, or tlu^ weight of a gahon of \vat(M': but, one and 
all, they know exactly how many cents thert* are in a dollar and 
whether a return of 15 pvv cvwL or 15 ceuls on the dollar, is suffi- 
ciently attractive. 

A mining eiigineer's prehminary r(»port mi^ht sum up somewhat 
as follows; "A capital in\estnieut of $r5(i,()()(), plus operating ex- 
[)(MiN(*s of SI l.OOO until revenue begins to conn* in, that is, a total 
outlay of .S70.(K)(), should, in my opinion, yield $21,(XK) per an- 
num/' Sph'udid— we can all luulerstand that — why. that means 
oO per cent — let s lJo! * 

But to prove that Jiis ()[)inioij is a thoroughly reaS()ned o\u\ and 
to avoid difficultitvs with the Stvm'ities l^Achange Conunission 
( shonld tisis dev elo[)nuMit l^o ah(*ad and pav onlv 25 piM* cent) our 
en^in(H'r .su[)j)()rts this fiudiu^ with fifty pages of additional meas- 
m'ement.s, and fhrrr is no rclalionsliif) between am/ of them! 

First of all. [)i(*sinnablv , he has taken samj)l(\s and made an 
assav. 'V\\v re[)ort includes a sworn or notari'/(»d statenuMit from 
the *i.ssaver that the sami)les run "4 oniiees to tlu» cnbic vard/' (If 
this is ^old we are after, those ounces will, of course, be trov 
ounces. > 

The cnbie \ards ha\e to be eomerted into pounds for calcula- 
tion oi the power iieeessar\ to rais(» them to tlie surf»iee. Und(M'- 
^round. h()V\('\ei\ we seldom nu^asm't* in yards. \\v us(» f(*(»t and 
inehrs. ;md ('\er\ engint*er uses ^/f"r////^//.v of a f(){)t when \\v comes 
to ealenlatin^. 

hi short, all mining opeiati()iis in\oKc* moving a ciM'tain wei^^lit 
and lolnnir a ei-rtaiu (lislancc hori/ontallv and V(Ttieallv. The 
f*iel that there is no reiationsin'p belwcu-n vohniu* and weight and 
(h'slanee onl\ adds to the anllnnelic that lh<* engiiu^er nmst do 
and multiplies the [)ossil)ilitv of error. 

When we lonsiilcr the details, such as [)umping out tlu* water 

ti,>n. /Ss V/'y/S ( r ir.l. M ( ii\ . 1 )'.tiM. . I'.jm,- ,\ ( ...ii,p.in\ . Vil(^), p. I KV 
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which seeps through the earth, we ha\ (^ to dodge buck and forth 
from cubic feet to gallons, to pounds, to feet (of lift), to square 
inches (the cross section of the pipe), to cnhic inches (the cross 
section area nniltipUed by the stroke of the pumps). And to put 
in mine timlH?rs, we have to calculate in square inches (for 
strength), in feet and inches (for height and length), Wd in board 
feet to purchase them. 

A ''board foot" is a compound of square feet multiplied by 
indies, but when we exttMid this compounding to enahle us to cal- 
cukite the heiiding nioinent in inch-pounds, foot-pounds, and 
foot-tons, and water storage in acre-f.et, we really are, if we 
would stop to think a moment, making ourselves a little ridiculous. 
(:alcnlating a water supply in acre-feet and the consumption of 
that water in gallons per capita per diem ought to bring us right 
up short; Look hcn\ arc tvc dcUhrrutchj tnjinfr to do tim the hard 
way? 

Most of ns can remember what the area of .an acre is: 43,560 
S()uare {a t. llowe\ er, for au\ thiiig o\ er or under 1 acre, we ha\ e 
to sit down and multipl)-. To pump away an acre-foot of water, 
wc sav: 7 1 2 gallons to the cubic foot, for 43,560 cubic feet, 
amounts to 32(xT()() gallons. (Actually it is not 7 1/2 gallons to the 
('ul)ic foot, ^iit 7.4S05, whicli niak s a differenee of about LOOO 
gallons.) If we recpiire the xceight of that much water, we have 
first to miihiplv to get [)ounds and th(Mi to dividrto get tons. 

.\ h('vtar(\ on tlu* contrary, measures 100 })ieters by 100 meters, 
an area of lO.OOO sfjuare nuclei s. A wat(M- souree with an area of 
I lu'ctarc^ whieh was 1 meter deep would therefore contain 10,000 
cubic uK^tcrs; that is to say, it would liold water amounting to 
10,000 tf)us, if w(^ would know its weight, and 10,()(K),()00 liters, if 
we ar(^ dcalinu; ^vith (juantity. 

A curious fact about this unrelated S(Mies of weights and nieas- 
wws wliich we must cither mcinori/e or refer to continually, is 
that actually it is illci^al. Tlu^ metric system, tlie use of which is 
still far froni ^(Mieral in thesc^ Tnited States, is the onhj system 
n rr lc<^(iliz(ul hi/ ('onarc^s. After th(^ lutiTuational Conference of 
W eights and Measures in which th(^ United States took part in 
ISS^J. this connfrx w as pr(»sciite(l with an (^xact copyof the French 
stand.utl nieter/aiid in 1S9:">. hy act of Congres.s, this meter was 
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nuidr l\\v stuiulard tiiiit ol Irugtli in tU(* United States. Tlie yard ' 
was. then defined as '^/iOO 3,937 of* tluit meter, l)ut an cnornions 
nuinber of otlierwise \\'i»ll-etlueated people eontinue to belie\'c 
that the Hriti.sli yard is our standard. Aetiially, it was not so long 
aiif), in 1S7S, tliat the British yard itself was dt-'finitcly standard- 

' i/ed. Tlie yard, tlie gallon, the hnsliel, tlic barrel, and the various 
otlier nnrelatt^d British wcnj^hts and nieasnres whieh have been 
widi^ly adopted in Anieriean praetiee have evolved from priniiti\ e 
times l)y eonipU^ti^ly hnrei^idated proeivsscs of de\elopment. 

IsVt lis eonsid(M' lin(»ar measurement alone. The Bil)le gives the 
nieasurenieiits of NoalTs Ark ajid of Solomon's Temple in enl)its. 

. Th(» (Jreat Pyramid of ily/.a was laid ont in ''royal Kg\'ptian di- 
bits. " The eid)it was the distanee from the c^lbow to the tip (^f 
the middle finger. A study of 'Kgyptian building woidd indieatp 
tliat tlu' ro\al Kgxptian enl)it etjualed 20.7 inches. Wc do n(it 

* know what snl)di\ isions of tlie eubit W(Me in use in EgN'pt. As the 
Egyptian ei\ ili/atioii withered, liowev(M\ and the (Jreek Howeredl 

• we find reeords that the Olyiiij)ie eubit, e([ui\alent to 18 1/4 of\ 
our present-day ineli(>s. was di\ided into tlie span, 1/ixiibit; tlioi 
palm, 1 fi enbit; and tlu* digit. 1 21 eubit, or roughly STSiiielK 

As the liomaii c i\ili/ation arost*, the eu])it be^an to be known 
a.s the foot and shrank in length. It was divided into 12 '*nnciiie/' \ 
t Latin for tw 'IfllLnv thmnhnaih. from whieh we get both ounces 
and inchf's. 

riic Hoiiians left this "iiK-li" in Britain as oik* of their standards, 
but it was not until 1 >2 1 that its length was defined there. In that \ 
\ ear the iiic h \\ as detei iniried to 1)(^ "tlu^ eonibined leniith of three 
i)arley euros .set end to end.*' Tlu* \ ard had conu* into ])eing in 
Mn^land about the middle of tlu^ twelfth eentnry as an outgrowth 
ot tlu* areher\ tor whieh tlu* English yeomen were then famous. 
■ It was tlu* (k\ally aeenraey of tlu* Englisli areluM's that lost the 
/ .Si'ots ihv Hatth* of i'*l(ul(l(Mi. T]\v Seots, it app(*ars, instead of 
praetieiiMj; at the *1)iitles'' in the snnimcM' (^\"enings, had taken up 
a disreputable ^anie called ''gowf/' Tlu* woiuh'r is that a rae(* 
tliat lia^ Ljixen the world logarithms did n()t establish tlu* putt(M' 
av th(» le^vd \ard. \o, the \ard is ascribed to IhMirv I. and was 
supposedly tlu* (li^tane(* from his nose to the (Mid of his thumb, or 
the leiiLllb of bis arrows. It was until b")oS that (iood OiiecMi 
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licss^lccrc'i^Ltha.t tht; Jongtli ofa bnur/c rod should be the stand- 
ard-yard. In the si\t(»£Mitli ccMitiiry some cHort was also made to 
staiuUirdiiO? the foot and relate* it to other nieasiiremonts. The 
Crown dc*er(a»d that *V)U a ecrtain^'Siuiday, as they come out/ of 
eluireh, 16 imni shalhstan*d in line with tlie left foot touching, one 
behind the qtl^er/' Tlte distance they covered, foot to foot, Wiis ' 
to be the legal rod, and one-sixteenth of it the legaHoot. Prior to 
that, the foot had \ aried (as feet will) from 9 to lU inches. ^ 

Quc{»n Eh>.'abeth\s prototype yard was . superseded' in 1824 by 
another, which was lost l)y fire affer ten years. In 187.8 the 
W'cM^hts and Measurers .\ct d(*fined the \ ard in use toda\' in'dreat 
Britain. It was a bron/.e rod, which had been ca.st .some fort\' years 
earh'er, on which the standard yard was* measured ofPhetween 
^ohl sUkU, By 1878 accm-iiey had proi^res.sed to the, point where 
the tcMuperature of the rod was spc*cific»d, tlie temperature chosen 
beintj; 02 Fahrcuiheit, which in those* days was considered *'r()oni 
t(Mn[)(Mature'* in Britain. The foot is standardized as 1. 3 yard, and 
the inch as 1 '12 foot/ 

T\\c nu^tric system dexelopc^d in a dilFinent way. The Frei:ch 
revohitionarit'S cut off thcM'r king's head and then in pursuance of 
their niolto. 'Nous axons chani^e tout i^ii {\vc have changed all/ 
that (U'cidc^d to be rid of e\ er\ renn'nder of kings, not the least 
bcM'u'ji; a s\steni ot measurements l)ased on .some kin^s hands, feet, 
fin^'M iiails. or arms, 'i'lie new era was hailed as the age of science, 
so th(* FriMich scicuitists took the earth as tlieir prototype and 
(liMch^l its meridian (juadrant into 1{),()0(),(K)() parts, one of which 
tlicy termed th(* mctcM*. Not bcM'nii; able to reach the North or 
South [\\r\ sliot the sun simultancH)usly at DmikcM(jue in 

l'*ranC(» and Baiei^lona in Spaiii and computed the* diflerence to 
b<* 9 oO' of arc. It took S(*\en \ ears to sur\ ev the "Dunk(M'(jue-j 
BvU'ci'loua line, and we now know tha*" 'M'rr^rs crept into the calcu- 
kitions. TIk* computation.^ W(M'e revised in 1927, and the standard 
m(»ttM' was thcMi definc^l thus: 

The* unit (if IcTi^th is the iiictcr. i\vUi> hv ihv tlistanu* at th(* tenir 
pcratnrJ' of iiirltintj; ice lictwccn tiic cciitri^ ot' two lines trac(»d on tlu* 
pl.if inuiu-iridiuiii h.ir deposited at the Intenuitional Huroau of WiM'ghts 
.11.(1 MiMsiut's. (let larrd piolotvpt* of the meter hv tin* first gcnc^ral 
(onlep iiee <>m uei'^lits and measures, this har hiding subjected, to nor- 
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mill atmospheric presSl^re, an4 supnorted by two roUers at least ope 
centimeter in diumetg^ situated in the same horizontal plane and at a 
distance of 572 millimeters from each other. 

An alternative definition was latq^ J)rovided which sets the 
length of the mpter at *1,553,164.13 wave lengths of the red.light ' 
emitted \]y a cadrfkium vapor lamj)" excited under certain specified' 
conditions. This apttthe meter down to an accuracv-of one part 
in 10,000,000. 7 ' ^ • \ 

But the great/(fst service Rendered by the French scientists was 
the aboHtion of the relationships 3, 12, 36, 220,1,760; and' 5,280; 
the decimalization, ^pwards and downwards, of tl^ meter; aAd, 
next, the establishment of a relationship bdtween linear measure- 
ment and the measures of \olume and weight, which are also 
decimalized. Defining the weight of l^cubjc centimeter of water 
as 1 gram, and the \olume of! 1,000 cubic centinleters — a cube, 
that is to say,' 10 by 10 by 10 cditimeters — as*l liter, ties the whole 
system of mensuration. together and gives us an easy way to calcu- 
kite specific grax ity*. . 

Since its inception in France in 1799, the metric system has 
bj?en legalized and adopted by practically ev^ry coumtry. in the 
World except those of the United States and the British Empire, 
True, one still Bnds in some of the South American countries the 
Spanish yard or ''vara ' of 42 inches in occasiqual iise, just as one 
..finds Spanish names for the coinage still used, altfiough they have 
been proscribed for o\ cu a hundred years. In Veno/ucla it is con- 
fusing to have the ([iiui tcr of a bolivar called a **niedia," but that 
is because they still call half a bolivar by the old proscribed name 
of **real/* ^ ^ ^ 

When American mining engineers go to Venezueki — and prac- '^ 
fically All mining uradiiates fron/tlio Uint(*d States sp(Mul at least 
one two-year eontrfict in South or Central America — they remark 
<m;tbis little bit of e\idenc(» of.the ingraincnl conservatism of the 
hj^tnian nici* and think of it its a purely Latin idiosyncrasy; but 
th(»v fail tf) notice thv mote in onr own eye. Similarly, we think 
th^ British method of stating a man's weight as stone 3'* cum- 
bersome in comparison witli our "129 pounds," and yvt wo/ con- 
tinue to bur height as f(H»t S/' We have changed thc^ defi- 
nitions, of manv of the British measures'whih* retaining the names. 
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Making a hundredweight lW»poiinds Insteud of 112 is at least a 
moN'd toward simpHfieation, but why^^e huN-e changed the gallon 
iFrom-275 to 231 cubicifitheiJ. or ^et the bushel\at 2,150.42 cubic 
inches for internal trade, 2,747.715 cubic inches for ej^ort and 
import, and 2,564 cubic inches in Connecticut only, are matters ' 
not evenncicntioned in the laws establishing those standards. 

For mtJ^lA-ee years the meter has been oUr {e^al standard in 
these United States. It has been adopted fft'all scientific and 
technical measurements. Isn't it about time that we broke with 
' the sfiong right arm of King Henry I and adopted a universal 
metric system? 

4 

The Metric System in Civil Engineering 

% MANUEL ZENO 

'Vv TO the ycar 1898 the only official s)\stem of wfcights and meas- , 
ures ill the island of Puerto Rico was the metric. In that year the 
ishuul became a possession of the United States as a result of the 
.Spanish-American War. 

The American aufliurifies promptly put into use the English 
system, and by 1913 it was made legal by an act of our legislature 
which provided that '*the metric /system of weights and measures 
and the imperial system commonly used in the United States • • . 
are herel)y recognized and e5,tabHsl.cd as official in Puerto Rico, 
. . As a result everybod\% from goxernment officials through 
factory technicians down to the coiTiiiinn citizen, makes indis- 
criminate UvSe of both systems! 

Now we have in Puerto Rico a "mixture* swstem of weights and 
measures. For instance, building lots are bought by tlie square 
inet(M . but houses are planned l)y tlie square foot; roads arc^ meas- 
ured in l>;ilometers, while heights of our mountains are given in 
feet; water storage tanks are computed in .gallons, but water is 
sold to the consumers by the cubic meter;' temperature of the 
atmospheie is measutedln degrees Fahrenheit, but the centigrade 
scale is usc^d for bodyrfemperature. There are many more similar 
incong uities of this khul. 

The Institute of Engineers of Puerto Rico has under coiisidcra- 
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tion a proposal to organize a campaign in favor of genetal a^op^^ 

• tibn of the nietHc system. - The field is being eanvawed in ordfer to 
determine what inconveniences or obstacles would be encoun- 
tered. While at this writing it is too early to reach* aii)j definite 
conchisions, it may be said that so far the consensus of opinion is 

. iUxfaVor of the metric system. . ^ * 

Some authorities , are quite emphatic. For example, the Com-^ 
missioner^of Health. Dr. Antonio Fernos Iserp says: "Mybplnion 
is dearly and simply that the metric sx sterii is one df thfe conquests 
of ci\ ili/.ution and c^bteqiiently Puerto Rico, which adopted it' 
ofFidullyitiany \ curs ago but has bq/en substitfiting for it in mahy 
sp^ts anti(juate,d, inconvenient and unscientific units, should 
cloiuise its system of weights and measures and definitely accept 
the metric excUtslV'cly.*' .V 
' Kt)L!;iueer Orlanclo R. ^lendc/, Commissioner of the' Interior, 
after fxpbining that tlie inc()ifvGiiiences in metric adoption aris- 
itig'from f\r close relations with the Unil^fd States are more ap- 
parent than real, ends up by saying: **I decidedly favor the adop- 
tion oF tlie metric system in Puerto llico." Mendez emphasizes 
the fact that all Latin American countries use the metric svstem 
and have uo trouhk* in dealiiiy with North American manufi^c- 
turcMS l)(xtiuse tlu»y are careful to convert English units hito 
metric in their transactions. 

'\\\v Institute of Engineers of l^ierte Rico will be able to make 
proper reco.wnneudutions in due comsc of time, after it has had 
the opportunity to obtain opinions from all affected sectors. The 
writcM* is all for nu^trie. lie bt^lieves tliat we ought to shake oflF as 

* soon as po.ssiblt,^ the weird, hybrict system that haunts our minds 
wjicn \\v niiikc* computations in this island of the Caribbean Sea. 

\ 

^\\\v Mi^lric S\ st(MU in Automotive Kiigiiioering 

socni'i v OF^i tomotim; kncinkkus 

!)»:( i\f.\(. (liuKMisioniiin;. afFordiiig major benefits of tl)o mc^tnV 
svstiMu without sinniltancously i icating whol(»sal(* disruptise con- 
■vcrsion Ji(\uln(*h('S, inci (nisinjily is b(M')ig MS(^d by th(» AnKMicaTi 
acronantiiMl indnstiA . 
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Surwy by the Aemiuuitical DraftinjJ\Coniniittoe of the Society 
of AutdmOtix e Engineers, inade anionV airlines operators and 
manufacturer^ of planes, powerphuits, propellers, and accessories, 
discloses t\iat 80 per cent now cniplo)s declmuil din\ensioning or 
contemplates its early adoption. Users expUihi that the practice 
of expressing limited measurements in decimals\ather than frac- 
tions of inches contyibutes to speed and to accuracysboth hi design 
and in manufacture. Decimah are carried to two, tlu^, or more, 
.^places to satisfy yar\ing tol6rimce requirepi^^uts. \. 

The sur.vey reveals that 70 per cent of the acronauticab indus- 
try has (Considered the use of decinud dimensioning, that 03 per 
cent uses it already, and that 37 per cent is using it for som^ pur- 
poses. In the propeller branch of the industry, 80 pcM\c<?ut of 
inauufact'urers uses the decimal dimensioning system exchisively. 

The practice is characterized as making the* dimensidning of 
(h'awings nuicli xnisier and .iAQre rapid and as being especially 
helpful in (eliminating the time-consuniHig, errbr-proclncing oper- 
ations of couH crting decimals to fractions and back to fractions 
atjain. FiirtluMinons tolerances niav be indicated rnerelv bv ex- 
tending (li<;its after the decimal point. 

♦ — 

Maniifactiirin^and Mcrchundisin^ . \ 
The Metric System in Metalworking 

TIU'ODQRH 11. ^^IlLl.KH 

Thk niutalworking industries in particular in this country have 
i|()t made so nuich progress toward the use of the metric system 
as luixe some other fields, largely, I think, because of the mis- 
taken idea tluit tlu* changeoviM* would ])e very costly. Tht*re is a 
constantly incivased use of metric units in the chemical and duigi 
iiuliistries/iii (^lertrical production, and in astronomy and ahuost 
all oth(»r sc icMitilic work. Besides this, a great many fol)d products 
dvc put up in metric units or have the metric e([uivalent shown 
on -the contaitirrs. All these activities have quickly shown the 
b(MK*fil of {lr)i!ujj awax'vwith common fractions iii favor of a deei- 
u)al .\st(MU. This has been true also in a few of the m(*talworking 
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efittlblishments of fhe conntry, where it has generally been found 
*that^the ciirreht saving is enough to pay for the cost of change- 
oVer^finct that the change usually hag been very much jasier than 
anticipated. 

I was tauglit, and for many )xnirs used, the English system exr 
,clusively, but having now hdd almost forty years ofWesigning and 
manufacturing complicated mechanical equipment ou a rjither 
large scale, l ean testify that the cost of a chrngeoyer will be-very 
slight compared with the eventual savings and that the expected 
difficulties of training help, and so on, will vanish into thin air on 
trial. In thp plant where I have had this experience, many thou- 
sands of j<ew mechanics^and unskilled persons have had no diffi- 
culty whato\er in niastcving the metric system insofar as they 
needed to ^ so. Anyone c^apable^ of handling our money system 
can grasp tne idea of metric measures within few minutes; and 
from that point on, the change results ill pure gain; 

I feel quite certain there is no possibility that any of the ccmn- 
tpjles now using the metric system will e\'er go back to the com- 
mon fractions and complications of the Ejiglish system. It would 
seem to me the part of wisdom for us to get in line as quickly 
as possi])le if we wish to t-rade with thes? countries. Certainly 
iio\H is tlie time to make a decisive move. , 



The International System in Research 
.and Development Engineering 

ARTHUR HKSSKY SMITH 

4 

Instkai) of the term metric system I am using the term interna- 
tidnal system of tccif^ht^i and measures^ hccixw^e I include in that 
category the centigrade tliennonieter. 

My work }Kis*l)cen in |hc telephone <ndnstr\ from ahotit.1892 
to th?. pres(Mit tinu\ My exp'.Mience inchides most phast*s of plant 
construction, plant opcMation, manufacture, teaehinjj;, research 
(pure and applied), and ordinary devcdopuient. For tlie past 
th;rty-(Miiht years I hiwo hccw wifh tlu^ Antoniatie l^leetrie Coni- 
p,anv of (Ihieajijf), wt»ll known for work in anlonuilic ttdephony. 
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If %vas in 1011 that I started to mc th6 intcMnational measures 
in uU inv work. It was in the design cef a^uraJtus that I noticed 
tiie greatest change. Use of uiternalional uiilts produced a feel- 
ing of relief, a sens:^ of'frec;d()ni which \m\^ lie experienced to be . 
appreciated. This experience forever settled tlie matter for me. 

The natural thing to do is to use the international sy stem. Daily . 
,use is the real test. The few basic measures in the metric, system 
>vill be ealfeily learned. Millimeters, centimeters, meters, kilo-" 
meters' follow each other in easy decinuil relations. Grams, kilo- 
grams, and metric tons are equally easy, as are the miltihicir, 
liter, and* cubic meter. Forget conversion tables and factors and 
use the metric system wherever you can. ' , 

Take the mental position of a person living in a metric-using 
country. Carry a metric scale,~estimate distances, verify them. 
Lift 500-gram and kflt)gram weights, and so on, and remember 
how they feel ^Use 1-liter and 500-miUilitcr measuring c\ips. 

As \'ou progress in the use of the system in your technical work 
and around your home, you will appreciate the one uniform nota- 
tion which expresses the smallest to the largest dimensions. There 
is no mixture of units. The decimal nature of the metric system 
is not thp only one of its advantages which facilitat(\s all work. 
Just as important is the logical unity which prex ails among all 
units in all branches of Science and engineering. 

Though you do not memorize entire tables of con\ (m sion fac- 
tors, before long you will begin to notice some recurring numbers. 
One millimeter turns out to be neaily 0.040 inch. Four hundrod 
and fiftyrfour -grams equal 1 pound avoirdupois. The metric ton 
iSTiboUt the sarae as an English Iwg to1i. Three hundrod and five 
millimeters make about 1 foot. The board 20 millimeters thick 
turns out to.be an inch board dressed on both sides. 

As to tempGratures, it is well to momori/c a few landmarks of 
centigrade roadinj^s. Tlioy are few and At zero watcM* 

freez(\s. Tlie standard temperature. for bouses^in winter is 20 to 
21'. The standard temperature of the human body is 37 \ Fifty- 
five dei^rees is about as hot as coffee should be. At 100' water 
boils. Five hundred degrees is a dull red heat. Fiftecui hundred 
doijnMS is the ttMuperatinx^ of molten iron. 

Four svstems of drills are in use in this countrv; the numlu^red 
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series, the Ic^ttered series, common fraction inch, and metric. 1 
prepared a few tables of the diameter^s of all drills except the 
metric. Every mechanic, Ispecially if he is a machinist, has taWes 
converting all the diameters into thousandths of an inch. I have 
just as much justification for having conversion tabled expressed 
jn millimeters. Sev eral gauge systems are in use. The Brown & . 
^Sharpe, Birmingham wire, new British standard, and United 
States standard gauges are about all that the usual worker needs. 
I prepared tables of these in terms of millimeters. The regular 
isystem of iron pipes with Brig^y^s threads uses common fraction 
inch names. But the dimensions are not always true, imd we need 
exactness. The insidf diameter of the so-otillud 1/4-incli pipe is 
not 6.35 millimeters, but 9.14 millimeters. Even the so-called 
1-inch pipe has an inside diameter of 25.52 (instead of 25.4) milli- 
meters. So I prepared tables pf the precise sizes of these pipes in 
metric unitS; For laying out mechanical designs to scale I found 
that the KeufFel & Esser No. 1655 triangular boxwood scale is very 
helpful with its six scale ratios. 

It paid me to set up a mental boundary at the edgc\>f my labo- 
ratory or. shop. When data came in from the outside in English 
measures, I conx erted them to metric. Inside my domain all work 
was done with the international units. Then when my results 
went out, dimensions were converted to English units. For some 
of tins converting the Lufkin No. 8624 folding rule works very 
well It lias inches on one side and millimeters on the other. 
There is another rule, the Victor zig-zag No. 304-M, with the 
same scal(\s. When I go oijt into the plant or into my own home 
to tak(^ nuMSiirenients, I always take them in millimeters. When 
you do some woodworking abound your home, like putting up a 
shelf or repairing tlu* steps, the millimeter is the smallest xuV.c 
which it prys ^) use. You can hardly saw a board any closer than 
to the near(\st niilUnu^ter. Thus there are no tractions. Even in 
mental work on small partSy such as are used in telepliony, the 
lni;i(h*echh of a tnilhiueter is thv smallest unit ntu^ded, and it is 
cleeinuil. As von work with millimeters, you will notice the fre- 
(jiKMit oeeiirrenee of such unnilxMs as 6.35, 8, 9.5, 12.7, 16, 19, and 
so on, wliieh ixw only (M|ni\alents of e(M*tain fractions of an inch 
vviiieh yon will meniori/c^ jnst as you did tlu^ faniijjar fraetions. 
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For cross-feed* screw of a lathe, graduated 'to thousandths 
ot&n inch, I have prepared a table. ' 

• • La' iiE Repuction Vahle ' 

, . ■ , Mm Scale 

" O.OS 1, 

0.10 -2. 

. 0.15 ,3 

. 0.20 . 4 

• 0.25 5 , • 

. " • etc. - * 

I regard the graduatioi-j merely a^ numbers. If my calipering of 
the diameter of a piece indicates that I need to reduce* it 0.15 
inillimeter, I merely ttirn the cross-feed three scale divisions, and 
thus I proceed for any reduction of diivmeter. 
. I handle the tail stock in a similar way. I can turn it to quarter 
turns with fair accuracy. 

Tail Stock 
Mm Turns 
0.25 
«0.5 
0.75 
1.0 
1.25 
1.5 

31.75 20,0 

If I am drilling a piece of work held by a chuck in the spindle, I 
can drill t\w hole to any reasonable d'jpth by turning the tail 
.stock the indicated number of turns. I have made out the table 
for tail stock as far as 31.75 nuUin^eters, which is the equivalent 
of twenty turns. ■ 

C^onunercial tolerances arc easily nu'nionzed. Our rough toler- 
ance is 0.010 inch, which is 0,25 inillimeter. The finer tolerance is 
0.0()2 inch, which is 0.05 na.limeter. 

The end of mv thesis is the same as the beginning. Use is the 
tesl; use will prove the \\ «rth of the systenu Theorizing does httle 
good. In the case of any earnest worker who can. control his tools, 
and of anv of us in working around our homes, v. little careful 
thought oxerconie any apparent difficulties. The rewards 
are foi those who look for opportunity and venture to improve. 
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OrieSysteiti . / 

^ * J. E. HANSEN. 

In^the porjcelain enamel industry, with which this writer is moSt 
intimately familiar, we acknowledge the advantages of the metric 
system— and at the same .time cling to remnants of the avoirdu- 
pois-feet system. 

Raw materi k are purchased by the ton or pound; formulating 
ingredients are supplied by the pound and are packaged in units 
of 50 or 100 pounds. Processing formulation is usually on a basis 
of 100 parts of basi^ materiar(frit) plus various percentages of 
added ingredients. This works very >Yell unnl we get down to 
- additi«psof less than 1 per cent, when we encounter fractions of 
' ounces and thus fall back on metric weights to solve the short- 
comings of a counter scale or balance calibrated in pounds and 
ounces. An exaivplc hardly needs elaborate explanation: 

Mill Formula Weight 

100 pounds #ABG frit ^ 100 pounds 

7. per cen*. Enamel clay " 7 pounds 

2 per con*- Opacifier ' * 2 pounds 

0.25 per cent Magnesium carbonate 4 ounces 

0.20 per c ont Sodium nitrate = 3.2 ounces 91 grams 
0.02 por c(*iit Tetra sodium pyrophosphate — 0.32 ounces 9 grams. 

Obviously, nuich less calculation and a smaller chauce for 
error would be in\ olved if we "went metric all the way/' 

In the porcelain enameling branch of the ceramic industry we 
have **gone metric" to the extent of expressing specific gravities 
of slips in metric units \ for example, spiccific gravity L82) rnther 
than in ounces per pint, but since ounces and the usual fractions 
thereof do not accurately enough express weights of appHcaiion 
in processing specifications, we revert to grihus per square foot. 

Imagine the crJ^«lations required on the part of an accountant 
in checking tlie theoretical cost of the enamel on a part 17 inches 
wide and 23 5 8 inches long if the material is applied at 38 grams 
weight per scjuare foot and costs $0.0837 per pound avoirdupoisl 

Need w v say more to support t^ o adv antages of a metric system 
in porcelain cnamcliiig practicel 
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The Metric System i\\ Merchandising • ' 

H. I. KLEINHAUS 

When most people use the term merchandising they generally re- 
fer to the series of huinan endeavors which culminate in consumer 
purchases. The great mass of consumer purchasing is done by 
women. Ahnost all consumer purchasing — even the selection of 
the home, the family car, and clothes for men— is greatly influ* 
enccd by Women's opinions. 

Most women seem to detest anything which is related to mathe- 
matics. They usually take the^ butcher's word when he says, 
"Fifty-sk the pound. That's 2 3/8 pounds— $1.33, ma'am"; and 
when they have returned home they despair of checking the 
butcher's computations because of the "frighteninjg fraction." Qn 
the othipr hand, had the butcher said, "One kild and eighty at 
$1.23— that's $1.33," there would be no "frightening fraction" 
but a simple problem in multiplication. In fact, a cash register- 
computing machine might throw out a receipt which would shq,w 
1.080 at $1.23 — $1.33, and ther.e wotild be no homework shop- 
ping audit at all. 

The decimal system has been employed ^or years at the gas 
station, automatic cost figures based on galldns and tenths being 
clearly indicated to the purchaser. 

In the department store field 'there are countless transactions 
made daily on the -basis of linear measure. Yards and yards of 
dress materials, sheecings, shirtings, liningsf, and towelings are 
sold daily in many individual transactions' involving fractional 
yards. Similarly in the notions department, in floor coverings, in 
ribl)ons both sales people and customers have the fraction to con- 
tend ivith. In more than half the cases the transaction requires, 
besides the ordinary multiplication of whole units and price, a, 
division of price by the denominator, then another multiplication 
of the quotient by the numerator, and finally an addition of the 
two products previously obtained. The use of the metric system 
would obviate all the calculations save one multiplication of the 
amount, expressed in wholS numbers and decimals, by the price. 

Aside from' these advantages of the metric system to customer 



THE SYSTEM AT WORK.. • " 93" 

and sales person there arci others which produce direct econ' nies 
iif merchandiising operating costs. This statement refers to the 
myriads of calculations involving fractional pounds and fractional 
ya^ds which must he performed daily in a mercantile establish- 
ment, either wholesale or retail. Most' of these transactions are 
accomplished by reducing the fractional parts of the unit to deci-. 

* nials, thus going flirough an aM^onal ^tep. Usually this step 
consists of glancing at i\ con>^iiS>»i table, which indicates ' the 
nearest decimal eqtliVaknit. But in this very step there exists a 
considerable chance for error. Only after the conversion is made 
can the computation be continued with the aid of a calculating 
machine. ' . 

The. use of the metric system, however, prjvides a definite 
short cut in calciliations involving fractional units of weight, size, ' 
and capacity. fTaUiisJor converting ounces to decimal parts of a . 
pound, pounds to decimal parts of a ton, inches to yards, and so 
on, are no longer neCpssary. The size or the weight expressed in 
th'e metric system — meters and decimeters, kilometers and grams 
—could he set directly into a calculating rfiiaclune, saving time 
^through' the elimination of a step and throiijgh that elimination 
also minimizing tlie chance of error. | 

• From Letters to the Metric Association 

THE NATIONAL ASSOCIATION 
• OF RE-fAIL DRUGGISTS 

The National: Association of Retail Druggists, one of the many 
organizations in the ynited States which for over a quarter of a 
centurv luu e fa\ orod a change in the system of weights and meas- 
ures to oi)tuiii metric standardization, savs in li •-letter written to 
tlie Metric Association; 

III SO far as the cost of changing to the metric system is cour 
ciTiicd. will saw that it would not be expensive. 

J. W. Dargavel 
Executive Secr^etary 
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•• . : lURDWARK VfERCMANT 

Ask aayone you know who sells twist drills, files, haitimers, ham- 
Ifjiiidles, hack saw blades, paint ;brushes, almost any hard^ 
* ware items tltut are packed and priced "per ilbzen"-|-even shoes, 
shirts, gloves, hosiery, etc. wh^t a nuisance it always is to divide 
the invoiced price by 12 and at inyentory time to reverse the proc- 
ess by^counting per package then multiplying by ision.&ojmanyj^ 
many items. ' ^ • 

L. Zintgraph 

March 25. 1946 \ i . f • ^ 



Pei^sonally, I am \ ery much in fa\ or of the chang^[tP the nigtric 
system], evttn thongU it may involve considerable tihie, >^xperise, 
and possihh' some confusion. Whatever it costs will certainly , be 
worthwhile.'^ ' ^ 

t> i might add 'that this m^)\ ement« is far-reaching in that wo are 
simplifxing n^easurements for future generationi. It^may mean 
more work for ourselves, l)i?t vje .cun consider it a conjtribntion to 
the welfare of anankind. No doubt there will be some/immediate 
benefit, but this is secondary ii^ importance. ; 

H. F. Hathaway 

Washington Office 

June 28, 1946 ' , , 
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Wk kkki. that universal use af the metric svstem would be bene- 
ficial to all. It is tho writer s personal belief, however, that this 
should he approached by starting with our public school system. 
Those educating the younger gcMiehitiou to this line of Inought 
would sa\ e a great deal of djfFiculty in future years of educating 
the older head. 

Comptroller 

July 24, 1940 
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Reply to ivQuestjpnnaire on the Metric System 

. . ' MERCK & COMPANY, INC. 

I luvE been asked to reply to yoift inqui^ regar4ing your survey 
of public opinion on the use of the Metric iystem. [See page 156.] 

No one is. better acquainted with the \nnecessary difficulties ' 
that are constantly met with due to lack of uniformity 'in systpms 
of weights and measures than a company engaged in s'cientific 
' and 'cooittier|?ial endeavors that are. international in scope! The 
business of Nterck 6i Co., Inc., at the present time necessitate the 
use ofone set of weights and measures" for ordinary domestic us- . 
age, i.e., American pound, gaUon, etc.; another set, the apothecary 
system ior pharmaceutical usage and a third set of the Metric sys- 
• tern- for. its scientific work. In addition to this, the internationaV- 
,^ chalracter of the business requires a knowledge of Elnglish and 
Ccintincntal weightis and measures. . 

I atn convinced that it would be of the utmost advantage to the' 
. United States to use Metric weights and measures in manufacturr 
ing,.bvying, and selling, in trade and in all educational endeavors. 
If is -probable that the adjustment required could be made within 
ten years without any great inconvenience and it might seem best 
to effect the change bv legislation. 

( C. R. Addinall, Ph.D. • 
) Director, Technical Information Department 
January 26, 1937 > / 

^ledicine and Pharmacy 

The Metric System in Medicine 

AUSTIN SMITH 

■ The practice of medicine consists essentially of preventing and 
•diagnosing illness and treating the sick. The administration of 
potent dru'^'s is an important part of the treatment, and'the use of 
air. easily and universally understood standard of me^asurement 
facilitates the administering of drugs and minimizes the possibiUty 
of erroi;. The metric system provides such a standard. 
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■ ^ . , , VTIIK MKTRIC SYSTEM 

X'lc C:i)iuicil_on_Phdi!Ui^cvmid Chemistry of the Americun 
Medicul Associatioi) has advo<?nti»4, the ado^tion of the metric 
system' and^n several occasipns has pliblished statements explain- 
ing why it believed that this s\^tem is 'the logical one to use in 
medicine. For several years tiie Cduncil hVis used only thtJ metric 
system 'in Its publications, including New and Nonofficial Retiw- 
(lies. It also has encouraged this method of standardization hy 
participating In conferences with other groups interested in this 
problem, and from one of the conferences there has come a'^int 
' recommendation by/tlie Council on Pharmac\' and Chemistry^the 
Office of the United States Pharmacopoeia, and the OflBce of the 
National Fonnulary calling for the exclusive use of tlie metric sys- 
tem by tlie medical, pharmacal, and allied professions, and by 
the drug and pharmaceutical imlustries. As a result of this con- 
sideration the United States Pharmacopoeia and National Formu-- 
lary will list dosages iii the metric system, followed, at least for 
the present, b\' equivalent apothecaries\ dosages, which will ])e ' 
set in parentheses and will be only approximate. Thus the de- 
clared amounts on the drug labels, can be stated epetly in the 
nietric,s\Stem and can ])e used as the basis for control tests. This 
procedure is quite acceptable to the Food and Drug Administra- 
tion. 

The advantages of uiiixersal adoption of the metric .<ystem are 
iuauy. In medicine the adxantages include achate manufactur- 
ing, acciirafc prescription writing, accurate compounding, and 
accinate ;idnunistratloii of drugs. The control departments and 
research dcpartnionts in the <\\\\^ and pharmaceutical industries 
ninch prefer to use metric measurements; the physician and phar- 
iiiac i'^t can write a^id interpret directions with mutual confidence; 
and the physician can determine the dosage for the individual pa- 
tient with mudi greater ease. For exampk', he can use whole 
nnniliers when detcrnn'ning the amount of drng needed on tlie 
basis of tlu^ l)()dy weight of the individual, and he can obtain a 
hetter a[5preciation of the distribution of the drugs throughont 
the l)()ily when he examines metric reports on concentrations of 
tlie drug in tlie mine and blood. The sulfonann'des used for in- 
fecti;;ns ajul tliiocyanates used for hypertension are just two ex- 
aiuples of the thngs tliat are followed closely in this manner. 
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ih ci A lon« \)vYiod of time, members o£ the House of IJelcgates . 
of tho AiiH'iitaii Mocl||^r<Assot'iation have repeatedly recom- 
moiuU'd tlu' use of the metric system by the medical profession, 
[n ftKt. ill 1S78 a resolution was introduced and passed in the 
House which recognized the valuC'Of this systehi and . . rec- 
oiunuMuls to all p^x sicians the use^ qf the same in theit practice 
and in thoir meetings and teachhigs." It is' unfortunate that not 
all physicians have^iiiW>- adopted this system, but with thei^ass- 
iug of each year uiore pliN Sieians ^iro. using it. This is especially 
true ot the yoiniger men. . 

Tiie Council on PlmVuiacy and C:heniistry adopted tlfc metric 
sssteui because of the (jceniTorice of serious accidents in adminis- 
tering prescribed doses of drugs which resulted from confusion 
bi'tween the metric and apothecaries' systems. It would have 
o\ t'ntuall>- taken thft actioiuti*liont such pract'if^d stimulus. The 
Council recognizes that the innvc'rsal'adoption of the metric sys- 
tem woiilcl 1)0 a mhnifes. ition of rationality and of interpro- 
fessional and international cooperation of high practical utility. 
When the^ Council announced its intention of exclusively using 
the metric svstem in its publications, including books, a member 
of the engineering profession enthusiastically endorsed this ac- 
tion. He wrote, in part: "The metric system represents a standard 
which can be used and understood in e\ ery ciyilizcd country by 
e\er\- profession. It is one of the few scientific things that prac- 
tically all professions can have in common. . . . The engineering 
profession stands to gain as mueh as the medical profession from 
the general adoption pf the metric system." ** 

Similar support is needed from other professions if the metric 
s\stem is to be adopted for general use in this country and if in 
respect to health we are to be on common ground in the scientific 
and business fields with other nations. If all kinds of service and 
industrv adopt. the meViic s\steni, confusion and misunderstand- 
ing will be lessened. | 

[K(h'ti)r s note: Th^ ihedical proiessioii has now made a move which 
could and slioultl hv followed hy thf grocers' and camieis' as.sociatiuiis: 
the pluiii'.: on canned gooils of metric lahcls with the English equiva- 
lents in lurentheses, .\t present tluMv arc douhlc lahcls, hut the metric 
amounts are suhtniliuatc] 
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Universal Use of the Metric System in Medicine 

. * MARTIN II. FISCm-.H 

• • ^ 

Mutual understanding, arises among men when like sounds come 
to convey like meanings. This is why music is the most univer- 
sally imderstood medium of cijmmifuication, and why a common 
. language is the next best. 

In science the common bond among weights and measures is 
the metric system. This is now the only li^Uguage of measurement 
spoken in the largest portions of this ii?afth and by the largest 
number of its people. Metric stimdards prevail everywhere in the 
world except where Britain. or the United States holds sway, and 
e\ en jn these countries advocates of the metric s^'stem have long 
been acti\e on its behalf^ What seientififc worker in these coun- 
tries has dared perpetuate the ji\rgon of yards, quarts, and ounces, 
unless he lacked the true scientist's desire for precision? The 
British Empire and the United States have injured themseKes by 
persistence in their ways. Perhaps it is too nuich to charge that 
British biological disc.o\erics were not more (juickly known to 
other countries merely because the\- were expressed in measures 
no longer familiar to the rest of the world, but it is legitimate to 
say that much international trade has been lost to both the British 
Empire and the United States through discrepancies In measure- 
ments of numufactured goods. Although buyers in Soutli Amer- 
ica and Russia, for example, ma\^ not subscribe to political phi- 
losophies pleasing to us, they are good potential customers, and 
they do business in metric terms.' On this account they ha% e long 
prefem'd to turn to Germany, Austria. Switzerland. Sweden, Hol- 
land, France, or Spain instead of to the United States in plating 
their orders. 

Six years of war have not changed this fundamental psyel logi- 
cal factor. These wartime experience.*;, however, may be thanked 
for having compelled the British Empire and the United States to 

' Hct tMitlv an It.iliun priest a.skcd hi.s .sister in tlie United .States to m lul Iiiin a few 
Hum, in (oll.irs (size 39 eentimeter.s) -.vith yokes (si/e -17 eentiiiu tfrs). The local 
tn.itlieni.itiei.ms had to work out the.se valiies to mean imlics f.ir the for- 

mer and 18.5^4 for the latter. The materials were th<>n dispatched in the United 
States standard sizes 15 1/2 and 18 1/2. 
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give fuller consideration to the almost universal metric system. 
For our joint military efforts in Europe and the Pacific, makers of. 
equipment saw the job tlVpugh the metric way in designation of 
jTuh bores, toolings, railroad parts, and elevations. But exen.this 
gain, it may be feared, will not endure in peacetime. As a ma- 
C'hii^' toiol manufacturer said bu't yesterday, "The toolers work on 
hundredtlis of an inch, with the British inch two-thousandths 
longer tlian onr own. Inch hundredths re^luce^all metric denomi- 
nations to liastard sizes, with tl»e conversion equivalents never on 
the line." Tliis situation may continue despite the facts that for 
'aviation tli^interuatioM s'kV is today laid out (even for us) both 
up and across in kilometers, tliut tlie earth's surface is laid out in 
hectares, and that the working of the flying thing itself is meas- 
\ ured in terms of ergs. 

\ Compulsion of .tlie doctor in the United Stales to think in met-, 
rio terms may i)e cited as another bit of good extractable from 
six years of war. ^he caiwlistic notations of the American doctor 
began 'to blur exeii to. his eyes fifty )ears ago; the physicians, 
pharmacists, and drug manufacturers started to^write the metric 
equi\alents opposite tlielH' minims, grains, scruples, and drams. 
Why the better designations did not at once displace the poor^ 
can l)e explained in several ways, but only two points need be 
noted. - (1) The apothecaries' system was the one taught in the 
•ficliools; (2) the graduates and practitioners could not be trusted 
to convert into ternis of this system orders given in the *interna- 
ticmal metric units. Tl^ere were constant opportunities for error. 
"A pint is a pound the world around," but how about an ounce? 
Nfany"people (especially those versed -in Latin) know that ounce 
means "tlie twelfth part"— but of wliat? To the drugstore clerk 
it is the twelfth part of tlie tivy pound (480 grains or 31.08 
grainn^js), but when he bii\s wholesale it is in avoirdupois 
pounds 'eac h ot which contains 16 ouuce*s (4^37.5 grains or 28.349 
gratntfics). 

ThatJlpclljng of (j^^ramnic is a carryover from the last century, 
wht'U it was insisted upon l)y the scientific doctors, physiologists, 
and pTTanuaci^s of the day so that errors wliicli would make med- 
ical liorror talt-i might h(! avoided. If the i in grain is not dotted, 
the word looks like <;ra).i, \\\\i(4l vi conversion multiplies the 
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amount by 15— a lesult which |s rather bad if morphine, atro- 
phine, or '^bichloride" is the miiterial ordered. And what have 
sometimes been the cdnsequences when an attempt has been 
made to trunshite simple percentage solutions intended for injec- 
tion or wound treatment hito^ the weird multiples of grains to the 
ounce? 

It as a pleasure to report that wl^thin this decade the fomier ra- 
tio of apothecaries' to metric nRnisures. in written prescriptions 
has bcnai iiureasingly reversed. T\ie desired ,dose is more arid 
more called for first in metric .terms |\k1 then in tlie terms of |^rit- 
ain and her dominions and of the UnitecloState^and her lerji- 
'tories, \ . w ' 

There is still better news. I have before me the catalogues 
of severiil American chemical and pharmaceutical manufacturers 
who listtheir products in metric ^nis onlijl 

The hbmegrown standards* of the British Empire and the 
l^iited States (along with their trade practices that make impe-^ 
rial, standard, ;M)d other gallons all different units, and pints, 
pounds, and ounces highly varial^le) seem to be on the way out, 
as they o^ght to ])e. Our medical officers during the war were 
first snq)risVd, then balHed wlieii they niet' foreigners, whether 
friends or f«^\s, wl)o spoke in metric. terins; l)ut they learned. 
Those who returned from service overseas now speak only of 
cubic centimeters of blood, milligrams of drugs, alkaloids, and 
vitan)ins. and grams of protein. They do not wish to return, and 
it is to be hoped* that they wifl not return, taf variable quarts, 
pints, or ounc(\s^^efore tlie war they conld argue that tliey dared 
not use the'lnx^trie syst^n because* our pharniaceutical manufac- 
turers, pharmacists, nntrition experts, and fanners did not know 
what it stood for. Now. howe\(M', a U(*w generation is rising. 
CovenimentaK prohvssinniiK and agricultural .leader's seem in- 
creasinL;ly incliniHl to accept nietric units. A recent govermncut 
report {owv of a huiulred on nutrition) argues the relative merits 
of standard, enriched, and whole* wheat flour by printing the mil- 
ligram an)ounts of their several vitamins upon the outline of a 
sack. ^ * 

Tlu» swing is cvid(Mit. Thosi* in authoritv ar<* a.sked to liastiMi • 
whiit is iu(*vital)le. 
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NIetric aiKl Avoircluixiis in die Drug ludiislry 

- * EDWAHU V. Mi-;rrii 

Everyone, I believe, is well a'cJ^wainled with the fact that all sci- 
entific labprafory. instruniet\ts, such as pipettes, burettes, flasks, 
beakers, and graduated cylividers, are( marked and identified by 
metric sizes. The foundation of pharmapeutical and biological 
manufacturing is research carried On by the use of such instru- 
nieht? in the laboratory. Here diaigs and future medicinal prod- 
aicts are' conceived and tested foi^posFible toxiq reactions, phys- 
iological action, and potency. Usually the .research phemist is 
dealing witji relatively small amouAts of material; at times, even, 
these amounts are really mhiutej Almost microscopic To ^rk 
precisely and within the .scope of the apparatus available, the 
chemist must measure these small Amounts in units of the metric 
svstem. I believe I can say with, positive assurance that every- 
thing concerned with the research .-hemist's work is measured by 
tlio tnetric ,'^ysteni. All of his graduated glassware_ is metric; his 
fine balaaces, "scales, and weights are metric. 

One oi our first steps in pharmaceutical maiyifacturing is to 
write up the formula for any given product. Incln4|d in this for- 
mula are the exact amounts of each ingredient, pluljill steps re- 
quired for manufacture of the completed item. The^aforemerfr 
tioned amounts are, with very few exceptions, recorded entirely 
in tm-ms of the avoirdupois system: pounds. Ounces, fractions of 
ss, and, grains. After the product, has been manufactured, it 

^ to the filling department.. Here we encounter filled weights 

which are "a mixture of avoirdupois and metric units. The ma- 
joritv of these weights, such as those of powders and powdered 
extracts and ointiiicnts, are expressed in pounds and ounces. 
IIowextT, a considerable number of special items and ophthalmic 
ointmcrits are filled m units of the metric system. 

Let us go back to^the steps immediately preceding manufacture. 
Raw materials used in large-scale manufacture of pharmacej>- 
tical products come from many faraway places on the 'globe. 
Among the.se are ergot from Spain, parsley and caraway seeds 
from South America, gentian from southern Europe, rhubarb from 
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China un^ RussiUi licorice from Turkey, and vanilla beiins from 
" . • Madagascar Besides the foreign imports, a very large percentage 
of raw material used comes from domestic markets. Here, to my 
\ nnnd, exists the greatc'st paradox of all We order quite a number 
of fine c^micals from companies right here in our own • avoir- 
)is countr\'" which are handled in units of th15*metric svstem. 
* of these we order in kilograujs. On some occ.isions when 

we nave placed an order for a material for use in a new product, 
we have been faced with this complication: We ordered so niany 
pounds o* a given item. Upon checking the shipment, we find it 
*^ supplied to us in kilos. The goods will be in\ oiced to \is at so 
nmch per kilo. In order to clieck our cost records, the iuNoice 
must be converted to price per pound, and the receiving depart-* 
ment must either convert the actual package weight from kilos t0 
pounds or have scales available to weigh by both systems. 
After hav ing been received, crude drugs and chemicals are as- 
^ . ' signed to one department, known as a drug and chenn'cal stores. « 
,The newly arri\ ed items, after being carefully checked and as- 
sayed, are then entered upon the records of this deparfnu^nt. If 
the items were ordered and received in imits of the metric sys- 
tem, here again they must be conx erted to pounds and ounces. . 

For each lot of any product manufactaued, a copy of the origi- 
nal fornuila is issued. Arriving at the correct proportion of all 
ingredients can be quite a complicated pro!)lem. Each ingredient 
must account for a specified percentage of the finished product. 
Fft^uring all these percentages in units of the* nu^tric system would 
be nmch easier and would allow less chance for vyxot than the, 
complications which arise from use of the avoirdupois system. As 
an example of this, I would cite tablet ^)uiuufacture. Since raw 
materials are stocked and .recorded in pounds and ounces, as we 
have seen, the uigrcdients in the formula are figured in avoirdu- 
pois units. If a lot of 5-gi:ain tablets is to be manufactured, the 
formula is made up for S(mie multiple of 7,000, such as 35,000, 
70,000, 140,000, and so on. Two and onc^-half grain tabU^ts would 
be figured in lots of 17,500, 35,000, 52,500, and so on. 'Jliis pro- 
cedure is practically a.ueccssitv iu the figin*iug of kirge lots of in- 
gredients in ax'oirdupois weights. It is v(m*)' (msv to see how nnidi 
^inipler all this wouUl \)c if the mbtric s\st(»m were universal. 
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in 1921 Dr. Frederick Uantiiig. a pioneer in iTiodern inedicine 
then tNveut\-(;ight \eurs old, began experimental work at the 
UniNersity of Toronto to de\ elop a treatment for diabetics. The 
result was insulin. This product is an outstanding example of a 
fliiid item which is made up by weight in units of the metric sys- 
tem. The h\{*UW concentrated solutibn of the acti\'e extract from 
beef and pork pancreas glands is delivered to a dilution depart- 
ment as an amount weighing so many grams. Here the extrapts 
are prcpar^ul and diluted witli suitable solvents and precipitants 
for therapeutic use. This process is carried on in large tanks 
moimted on scales weighing by the metric system. All the weights 
of the atorenieutioned soKents and precipitants are written on 
the formula ticket as so many pounds, ounces, and fractions of 
(mnces. Folfowing these figures, in parentheses, are the metric 
etjuiN alents. The ingredients added to the pancreas extract are 
ordered from outside sources and stocked in units of the avoirdu,- 
pois SNstom. The metric cqui\ alents must appear also, because 
the basic extract is supplied in grams, and the entire process is 
completed in the metric system. The finished insulin is finally 
filled and marketed in ampoules of — usually— 5 and 10 cubic'cen- 
tinwters. 

Nearly all medicinal products sold which are labeled as weigh- 
ing .so many grains or ounces also bear the metric equivalents. 
Liquids u.snalh- bear ounce or pint labels with cubic centimeter 
('qui\alc'nts. . 

Ewu tlie nuukctiug of pharmac\iitical and biological products 
nnis atonl of tlic axoirdupois-metf^ situation. Domestic ship- 
nuMits^Ktu l)f niaiked with gross, tareSsiud net weights in pounds. 
Hut forciuM shipnu'i:ts. particularly to Scmth American countries, 
nuist be dcchufd to customs officials in kilos. The net weights on 
these shipnu iits nii-an ju.st that: the weight of the material only, 
not of the small 'j;lass ampoule or tiny carton, any uuinber of which 
miulit l)c pack<'cl in a shipping box. From final inspection checks ^ 
of tablets, we can 'j;et the weight of 100 tablets in grains. All the 
prexious niainilactnring steps ha\c been made in avoirdupois 
weiiflits: so. oF eours(>, nnist the final in.speetion checks. This 
weinht then must be conxcrted to kilos for each size of tablet bot- 
tle, of which till re nia\ be fi\e or six. Now. as you can .see, if the 
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tnefric system had been fi^owed throughouf 'the entire manufac- 
turiiig pHTcess, all this comciting of figures and weights at the 
end ot the line wouUl be totally nnnecessary as far as foreign ship- 
ments are concerned. Howev er, if the dmg trade alone switched 
to metric weights entirely, then domestic shipping weights would 
have to be converted from metric to avoirdupois. Unless — and 
until — pur country, and eveii the world as a whole, establishes a 
universal weighing system, some conversion of weight readings 
cannot possibly be avoided. 

Doctors witli whom I have talked do not have any great criti- 
cism for either system o,( weights. The one interesting fact I have 
uncovered a1)out prescriptions is concerned chietly with the sulfa 
drugs and their derivatives. Medical research, and experience 
have indicated that the optinnim dose of the sulfa drugs is gov- 
erned by body weight, and so it follows tliat the dosage of the 
drug prescribed will, iii so far us possible, amount to a predeter- 
mined percentage of the patient s weight. If this weight were 
measured in the metric system, tlie amount of drug to be admin- 
istered could be arrived at much more easily and quickly. 

Certainly a great many manufiicturing difficulties in the drug 
industry would be resoh ed by tlie'e?tclusive use of the metric sys- 
tem. However, until either tlie metric or avoirdupois method is 
used exclusively tliroughoiit this country and the world, connner- 
cial relations must r(?cogni/e, aiul cop^* witli, the problems arising 
from the use of botli systems. 

Uui\ (M-.sal Adoption oi the Metric System" 

Till' Kiul of (ioiiliisioii Is Near Hccmiso the 
Hcieiit Action of tlic AM A Opens the Way 
lor cisal Adoption of This SysttMii 

An KDiToiUAT. in a recent Joiunal of the AuuMican Medical Asso- 
ciation poiutcd out th(* '\ii;reat practical utib'tv" of th(» uiiivi'rsal 
ach)pti()n of the nietric svstcni. The medical profession, and its 

^ Hrprnitcd fnuii tlu- NLtnli. issu(* (if A)nrri('aH DmiJ^pst ])\ s]nt'ial per- 

iiiiHsiun (»l tlu* puhlisljcrs. 
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auxiliary, health professions, Including pharmacists, slio!iUl care- 
fully observe this growing trend. , 

Jlnvention is frequently born of necessity. Individuals and 
tribes needed some means of appraisal of weight, and many mind^' 
contributed to the original invention. 1t*lie traditional or natural 
systems of weights were based on various parts of the human 
andtomy or articles of common use. Lixk of uniformity was prev- 
alent; confusion common. 

The origin of the metric system is relatively modem and com- 
pletely rational. The meter, the unit of the metric system, is one 
ten-millionth part of the distance between the equator and the 
pole. It is inniiaterial what is adopted as the unit of a system, 
provided this unit is afterwards defined to become of fixnd and 
absolute value. The standard meter is (or wasl) kept in Paris. 
• Other countries hav e prepared standard meters from the original, 
so .if Hitler's hordes have destroyed it there afe others available. 
The distance from the equator to the pole could he calculated 
again at .any time, should this be necessary. 

If pharmacists were asked what percentage of their prescrip- 
tions are written in the metric system, the answers would vary 
from fifteen or twenty per cent to well over fifty per cent. But the 
per cent has been slowly increasing with the" younger medical 
practitioners, who are more inclined to use the metric system. 

The universal use of the metric system in scientific works and 
its adoption for other uses appear to be good reasons for its use 
in medicine and pharmacy. In spite of the emphasis on the value 
of adopting a unifomi method of presenting quantities and doses, 
the unis ersal acceptance of the metric system has been slow. In 
1799, France was the first nation to make the metric systeni oh- 
ligatory. Manv other nations followed. The United States, Great 
Britain, and Russia' are among the last important nations to place 
tiie metric sv.stcin in use. Its use is legalized but not made oblig- 
atory iy lavv in these nations, and in Egypt, Japan, and Turkey, 
If physicians are to use the metric system in prescribing, they 
must be taught to think in metric terms because conversion of 
(quantities into metric units may be compared to writing in a for- 

' Kdiftir's niitf: Tin; .isi- of t!u' iiu-lric systi-in was inatlc obligatory in Russia in 
liJ2l ami in J.ip.ui in liJ22. 
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eign language, and then laboriously translating it into English. 
The recent attion of the Council on Pharmacv and Cheniistrv,' of 
the American Medical Association, in deciding to adopt the met- 
ric systern exchisively in its pubUcations should hasten what 
seems to be the predestined universal use of this system of weights 
anjl measures. It should mean the employment of the metric sys- 
tem in medical teaching centers and in the preparation of papers 
for publication in medical journals. 

Many manufacturers label their products exclusively * in the 
njetric system, or in this system with (in accompanying equiva* 
lent. Nhmufactufevs of \itamins, hormones, sulfonamides, etc., 
have contributed to the uni\ ersal adoption of this system by us- 
ing it in labeling products, thus causing the medical and the aux- 
ihary health professions to think more and more in metric quan-. 
tities. Now, with the action of the A.M.A., it may not be a far 
step to the universal adoption of the metric system. 

The Metric System Exclusively?* 

Thk Council on Pliarmucv and Chemistrv of the American Medi- 
cul Association lias recently announced that henceforth New and 
Nonofficial Remedies, Useful Dmgs^, the Epitome of the U. S. 
Pharmacopoeia and National Fornmlary, and Interns- Manual 
(pubHcutions of the American Medical Association) will give 
(quantities and doses only in the Metric System. It is hoped that 
this action will hasten the day when the Metric System alone will 
be used in pharmacy and medicine. The decimal system of frac- 
tions, together with the fact that every unit of weight, xolume, or 
length bears a simple relation to the initial unit (the meter), 
makes the system*(»asy to lUKlevstand and manipulate. It has !)een 
used in thef scientific field for years. The present practice of using 
two systems leads to confusion and, in some instances, to serious 
errors in prescribing and compounding. In a recent survey of four 
prescription pharmacies in Chicago, one reported that 75% of the 
prescriptions were written in the metric system, a second re- 

Reprinted with permission from the Southern Pharmaceutical Journal, Janu- 
ary, HJ44. 
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ported'70^, a third 40ff; and a fourth 25^, A number of physicians 
used both the metric and apothecaries* system on the same pre- 
scription. 

Hemispheric Solidarity and WorUl Trade ' 
Metric Standardization in Pan-American Trade 

AUBllEY DRURY 

Is THIS Atomic Age, ill the face of the keenest commercial com- 
. petition the world has ever knoxyn, our people — otherwise^so truly 
efficient — cannot afford to hang to Stonq Age tools of trade, an 
obsolete jumble of weights and measures which the rest of the 
world will not tolerate. Particularly is this true of Pan-Ame.rican 
trade, which ought to He unified forthwith if we are not to im- 
pede pnjgress and embarrass our people's welfare. The countiy 
in which the headquarters of the United Nations and of the Pan 
American Union are established is not likely much longer to lag 
behind in this vital spliere of interest. Measurement is indeed the 
master art. 

It is axiomatic that when commodities are offered for sale, they 
should ])e offered in lenns which the buying public will under- 
stand. In marketing our products throughout Latin America, 
therefore, we shall be following the best merchandising methods 
when we quote in "the wodd language of quantity" — the decimal 
metric units. In all commercial transactions, the basic question is, 
"How mucli? " The answer should be clear and unetjuivocal. 

These metric measures, uniform everywhere, enable the world's 
people to li\e, work, and trade together, understanding one an- 
other's (jMiMitity langnuge. The dollailike units are divided into 
cents and mills. There is nothing to mi.siinderstand. It is little 
wotuler that \irtually all peoples liave eagerly accepted these 
units us standard for world trade transactions. 

The First Pan-American Congress, held in 1890 iit Washington, 
D. C, laid the foundation for Uistin^ friendship and trade be- 
tween the Americas. One of the most important agreements, 
adopted unaninionsly, with the full concurrence of the United 
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States of America, dechired, 'The conference recommencld the ' 
decimal metric system to the nations which have not already 
adopted it." . ' ^ J • : ' 

* \'As a result of that conclusion, Mexico 1ftH|^gll republics of Cen- 
tral America, South America, and the West Indies by legal enact- 
ment confirmed the adoption of the metric units. Our great Sec- 
retary of State, James G.rBlaine — sponsor of the Pan-American 
conference plan, reviving the projee^-42f Sirtlon Boliv^ir — urged 

• favorable action in the United States likewise;T)ti^ metric legis^ 
latlon was blocked liy a mirrow margin in Congress, ajicMn Uirfs 

\ ttal advance the United States lagged behind all the other Amer- 
ican republics. Metric legislation, however, was never defeated 
in a general clear-cut. vote in the Congress of the United States. 

As a result of the movement then inaugurated, progressive 
conmiercial elements throughout the Americas have unified to ' 
secureThr ad\ antages of the decimal metric linits^ for all. In ac- 
cord witli this program, tiie First Pan-American Standardization 
(-onfercnce (\Vhieh met in Lima, Peru, in December, 1924, and 
January, 1925) took -action favorable to metric standardization.^ 
By resolution it was urged **that the units of weights and meas- 
ures in the s arious countries cenel toward the decimaljnetric sys- 
teu). * The United States of America, represented at the conference 
by an official delegation, was included iU'the recommendation. I 
am t^lad to ha\'e had a part in attaining that progressive action. 

Xew specifications, and chi^tges in tliose now existing, are to 
be in terms of the metric units throuiiliout. the Western Hemi- 
sphere as soon as the program of the sc\eral Pan-American Stand- 
ardization (Conferences is carried into effect. In the meantime, it 
is reconnnended that .metric C(|ui\ alents be used in catalogues and 
()tlu*r connntTcial lit(M*atur(» to aid transition to world-uniformity. 

An appendix to the resolutions passed at the Lima conferente^ 
S[)eeially urg(»d the petroleum industry throughout the Americas 
to ad\ ance to the n)etric basis, using the cubic meter for measure- 
incMit of crude oil and the liter or "world quart" for gasoline and 
luf)ricants. ^ 

(inillernio A. Sherwell, eminent Secretary of the Inter-Ameri- 
ean Ili^h C'ominission and official delegate from the United Stat(\s 
to the First Pan-Ani(»riean Standardization ConfcMvncc? at Lima, 
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•urged the xictonpus metric action. ^Aflvocating adoption of nict- 
ric-tmits In* the United States, he 'testified, "Use of the metric sys- 
te»in would facihtate international connnerce, and consequently 
favor the development of our national industries." 

With strikfng unanimity Pan-American conferences^whieh have 
considi;red jha metric topic- haverdeclared that all American re- 
puhhcs should-stiindardize on the metric hasfi; in merchandising. 
Among these may be cited the Pan-Amerieun Financial Congress, 
the Pan-American Cdinmercial Congress, the Pan-Americah Sci- 
entific (:c)ngress^ m>d-theXustonis Congress of the American Re- 
•puhhcs: Jif^resentatives of the Inter-American High Conunissiou 
luive u^'eared before the Congress of the United Statps and have 
attested their advocacy of the metric advance for the proniotion 
of understanding and commerce throiighoi-.t thp Americas, and 
officials of tlie Pan American Union likewiiic have endorsed met- 
ric standardization. 

As, that eminent leade*-, the late Leo S. Rovve, Director General 
of the* Pan American Union, said, *The United States loses bnsi^ 
ness in Latin America because of persistence in using customary^, 
-weights and measures in exports which are not understood and 
.do not fit in with the industrial economics of the Latin Americans. 

• In effect we are trying to sell left-handed tools to people who arc 
rig.ht-handed."\ 

On ^motlier occiision, Rowe \vrote me, '*l have examined at one 
time or another all tlie contentions of those who opposed the 

• adoptiofrof the metric system for general use in the United States 
of America, and I find no \aHd ground for the all(\^ation some- 
times made that the change will involve widespread loss and 
confusion. Tlic change need not be.made overnight; there will be 
time for adjustnuMit of uppHances in the industVial world gener- 
alK ; and tini(» for tlu* schools and the press to familiarize the pub- 

\ lie with tlie units aiid terminology of the metric system.'' 

With Howe's predctiessor, John Barrett, T discussed metric 
^' ^tandardiWiticni on ses eral occasi(ms. He, also, was a strong ad- 
o<\iiv of <$fc'ncral use of tlie world-uniform units in the United 
Stvitrs of America and in Pan-^meriean trade. 

In order to ascertain tlie s ali'h- of the metric units of weights 
and measures in increasing the external trade of the United 
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States, as^ the director of the All-America Standards Council I ad- 
dressed an inquiry to United States consular officers throughout 
the world. Out of more than one hundred replies received, it is 
notal)le that not one consular officer has reported adv ersely to the 
world .metric standards. Virtually all are strong in their declara- 
tion tluit gradual Udoption of the metric weights and measures 
will greath' promote our trade abroad.. This unanimous o|3inion 
of world-trade e?qierts is indeed eloquent *'pvoof by authority." 

The testimony coming from United States conjsular officers in 
•Latin America is of particular value. That metric weights and 
measures are invaluablenn gaining and holding the trade of coun- 
tries on the metric '])asis is attested by this virtually uiumimojiis 
opinion of the C(msular officials and commercial attaches of the 
United States abroad. They ar\? trained observers, in a position 
to note the true value of the metric units in ^veryday transac- 
tions, and their strong approval of the metric measures indicates^ 
that those are trulv successful in the countries where thev are in- 
stituted and work well in practical affairs. 

Further testimonv as to tht value of the metric units in the 
countries where they are used comes from the American cham- 
bers of commerce esta])lished there. Virtually evei^* American 
chatnber of commerce in other lands has urged that the United 
States likewise adopt the metric units to promote our export 
trade. Tl)e United States Cham])er of Conunerce in the Argen- 
tine Republic and the American Cham])er of Commerce of Brazil 
are among the many organizations which urged the United States 
U) get in line with the commercial practice of the world and to 
adopt tl)e nu^tric units for merchandising." 

These c]iam])ers of conimerce arv Mia^le up mainly of American 
I)usinessinen wlu) are a])le to vivw tl)e use of metric measures in 
at'tuul trade transactions, and tlieir unbiased testimony is some of 
thr h(»st that could be offered. 

Thv Mexican (il)an)ber ot ('cnimerct* of tlu? Ignited States, Inc., 
with hra(l(juart(TS in New York ('ity, s(nne years ago declared- 
tliat tlie use of iiu^trie weii^lits and nu^asures is of even more im- 
p()rtanc (* tljaii the use of tlie Spanisli language in securing trade, 
only ia Mexico, but throughout Spanisii America. 

Declaring that the most pressing problems confronting human- 
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kind are econo|nic and not pcJlitical, George Prescott Blow, as 
CJhairnuui erf the Standiirdization Committee of the International 
Chamber of Connnercc, made this significant statement: *1 con- 
sider the topic of world metric standardization the' most impor- 
tant ouestion before the world todAy. Adoption of the decimal 
nietrtc uliits by the United States o£ America will be the greatest 
commercial adxtmce of tin? century/** 

This authoritativ e declaration was that of a man who made a 
lifelong study of standards in conmierce and industry. As Presi- ' 
dent, and later as Chairman of the Board, of the Western Clock 
Company (well known as manufacturers of the '*Big Ben" family 
of clicks ) , he became recognized as one of the foremost leaders 
ill Ajnerican industry. Hc^served as a member of the Board of. 
Directors of the Chamber of Commerce of the United States and 
was influential in organizing the International Chamber of Com- 
• merce in 1920. ^ . . 

The memorable .survey of the Pan-American trade ^Id made 
by George Pre.seott Blow is thus recorded: **In 1914, just before 
the fiifst World War began, I made a \())'age down the eastern 
coast of South America, passing through the Straits of Mligellan, 
up the western coast, and then home \'ia Panama. I took pains to 
studv the trade conditions on both the Atlantic and Pacific coasts, 
and returned conv inced that the principal (if not only) reasons 
why the Germans were driving out American and British goods, 
of a I)etter quality than tUo.se^tliey supplied, was because tlui Ger- 
mans and South America both bought and sold, advertised and 
talked in the same trade language, 'metrics'; while we had to 
translate into a system' they had long ago' forgotten. I was called 
before the (thei! new) Federal Trade Conunission, in Chic^ago, 
and gave my opinion and conviction to this effect." ^ 

World War 11 taught inc:ieapal)le lessons as to the urgent need 
for world miificatiou of standards iu commerce and industrv, as 
well as in warfare. Cl()sely allied with manufacture and indus- 
trial efficiency is invention. As was so well pointed out by Samuel 
W. Strattou. metric standards, l)ein^' exclusivelv used bv those en- 
L;ag(*(l in scientific rt s(»arcli and invention, should likewise be em- 
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ployed throtighout industry in order iluit the results obtained may 
be (juickty tmnsmittcd into factonj production. It hq^)een proved 
that without the niejtric measures the de\'(;lopnient of such indus- 
tries as the electrical, radio, iuul aircraft inchistric« wouUniave 
been virtually impossible, bei:imse progress came only through 
th(* accumulation of data in the metric units by researchers in var- 
ious couniHes and the rapid transmission of the results ot this 
research in undmtaudable form to collaborators elsewhere. 

Our industry owes an unpayable debt to American inventive 
y;^Miius and should heed the advice of the inventors who have so 
strongly pleaded for the adoptii?n of the metric standards, Alex- 
ander Graham Hell, iuxcMitor of the telephone; George Westing- 
house, inventor of the air brake; and EKvood Ilaynes, prominent 
in the devc^h/pnient of the automobile, personally appeared before 
Congress and urged adoption of the metric measures. Thomas A. 
Edison, the workVs greatest inventorywas an advocate of the pas- 
sage of metric It^ishition. From him I receiv ed many letters urg- 
ing this progress. His noted sons share Itts interest in this cause. 

That tluM'e has now come an awakened public recognition of 
our dulv, to ourselves, to Pan-Ani(M-ica, and to the world, is indi- 
cat(ul bv tlu* widespread public interest in the inetric standardiza- 
tion movement throughout the United States. It is.e\pc»ct(al that 
a liberal metric standards bill will be introduced inT>mgress pro- 
viding for a 'gradual transition to the nu^tric units in merchandis- 
ing. Skat(\s with a total population of 20,000,000— tllinois, Ten- 
n(\ssee, California, North Dakota, and Utah — are on reconl on this 
([uestU^nr>tlir()ngh their legislatures, which memorialized ('ougress 
to pi{ss such a law. For some years, more than 100,000 individual 
petitions have been pending before our national legislators urg- 
ing the advance, and altogether these rc^present millions of voters, 
for many petitions are from* organizations having thousands of 
nH»inl)(TS. * . ' / 

\.v\, it bt^ emphasizt^d that tlu* proposed 'Uietric legislation will 
appK to mcvc}\andisin<^ only — nuuuifactmers are to continue to 
wsv whatever W(M\<i;hts and ni(\isurc\s they d(^sire in produl^timi, 
but aft(T a transition pc^riod they wxv to buy and sell on the deci- 
mal nu^tric basis. This will wot' chmu^c the rizc of anythin^r^ hut 
u ill mrrchj he a modification in the trrnis of description. Recog- 
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uiziug the CiSe aud facility which this will give to the Histribiitioii 
of maimfacturecl modu<?tS, tliousands. of manufacturing concerns 
are alnong those faVofing the passage of metric legislation. 

As Albert IIerl)ert, manufacturer and world trader, 'leader in 
the metric cause, so well said, "It is surprising th^t metric stand- 
^ ardization was not brought about long ago. No one. objects to it 
.exceptsa microscopic minority.'* ^ - , ^ ' 

As a peace moNC, tliis metric advance will be of utmost value. 
No step could so greatly promote amity and understanding be- 
tween the United States jjflcl all the other American republics. It 
^ would be a vital factor in mter- American defense; an^ above all it* 
would develop trade, "that calm lipalth of nations/' * : • 

Andrew Carnegie, foremost industrial leader of America, -de- 
clare(J: *The present weights und measures of the United States 
of America are unworthy an intelligent nation today.*' Andrew 
Carnegie strongly urged metric standardization. Benefactor of ^ 
worM [ -^ace, he was the main doi,^or of the beautiful building jc)f 
the Pan American Union in XVashington, D. C. 

By removing the toll bars that hinder free transmission of ideas, 
by facilitating interchange of cunmiodities in world trade, the 
metric progress will confer manifold benefits. 

To conclude in the elcxpient words of Charles Sumner before 
tlic United States Senate: "Here is a new element of civilization 
which will be felt in all the concerns of life at hqmg aftd abroad. 
It will be hardly less importaiit than the Arabic numerals, by 
whicli the operations of arithmetic are rendered common to all 
nations.. It will help undo that prijncval confusion o£ which the 
Tower of Babel was the representative.'* 

The Metric S\ st(Mn from the Pan-Ainericun Standpoint'' ^ 

WILLIAM C. WKLLS 

. Thk Fun American Union was created by a resolution adopted in 
the First IiittMiiational C:c)nfcr(niee of tlie American Republics; 
lield in Wasliiiigton in 1889. All the 21 independent repul)lics of 

[U'lninh-d (um Scientific MotUhly, V(»l 4, M.irch, iU17, pp. 190-202, by ptT- 
inbMnu i)f tlu' publishers. 

/ 



ERIC 



114 THE MKTUJC SYSTEM , ^, 

North and South America joui together in the Support and main- 
tenance of the iiistitiition, which is governed by a ])oard consist- 
ing of the 0. S. Secretary of State, ex^ officio, and the diplomatic^ 
representatives in Washington of the 20 I^jatin Ai^ierican repub- 
lics. Its general purpose is to create aiid^oster a larger commer- 
cial and intellectual intercourse betwmi^ the repubhcs of the 
American continents. It is an alUAmerican institution interested 
in every (jnestion which does, on might, concern the two Amer- 
icas, among which the question of weights and measures i« not 
the least important 

If there is^ojie thhig in the future that can be predicated as a 
truth with more certainty than another, it is the changing position, 
of the United States in respect to its foreign commerce. This 
change, while acceleraUjd by the World War, is in no way a result 
thereof.'^It is due eium^lv' to our own dexelopment, consequently 
ertvthii^ a changed international commercial status fOr the United 
Stat(\s. It is iudustrialexolutiou in its comparatix'e relations. 

Fornierh' oiu* exports were of raw materials, primary food 
products, slightly wrought commodJties— in fact, of those things 
wherein the larger con)n)ercial values were represented by the 
Work of nature and the hvsser values by the work of man. We 
were selling pri.)iariljV the minerals from our hills, the trees irom 
our forests, and in Our cotton and our grain the fertilizing ele- 
ments ofj)ur soils. We were selling for the most part the handi- 
work of nature and not of man. We were depleting our capital 
resourc(\s — but on the whole not at a loss. We were following the 
natiual higluvav of evolution from the forest and mining indus- 
tri(\s to the pastoral, to the agrivultural, and on to the mechanical, 
hi a sense we were converting a part of our static capital into 
li(jnid capital. 

In the hist deeadt* or two the character of our exports has begun 
to ehiUigc*. Measur(*d bv \ahies, we are selling less of the prod- 
ucts of our mines, of our forests, and of our fields, and more of the 
products of our labor and skill. Where we sold lumber, we are 
selling chairs, tables, and d(\sks; wliere we sold pig-iroii, we are 
selliui^ kni\es, plows, and nuichiucu'v. 

It is not nc^eessarv to (elaborate this ideiL It n)ust be apparent 
to evervonc that we are coniing to tlu* i)oiut where our growing 
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population will consume all our own food products, where our 
mills and factories vvill use all our own. raw materials, and where 
our only surpluses for export will be the^ finished and highly 
wrought products of these mills and factories. This is as it should 
he. for thus we shall be selling for tlie most what man creates and 
for the least what nature creates. What has all this to do with the 
metric svsteni? Much, verv much. 

Broadlx' speaking, all exports nun be classed under two heads: 
first such as sell themscflves, that is, where the buying and selling 
machinery is for the most part put hitb operation by the buyer; and, 
second, such as must be sold; that is, where the machinery is op- 
erated almost entirely by the seller. These two classes correspond 
almost exactly with the two other classes first indicated dboye, 
viz., raw materials and primary food products, on the one hand; 
and finished and highly wrought commodities, on the other. 

Cotton, wheat, flour, lumber, unwrought metals, oils, hides, 
wool, meat, and the like, sell themselves. W'herever in the world 
tlu\se things are needed and there is the price to pay, the buyer 
sots in operation the machinery to secure them. The farmer does 
not have to send out commercial travelers to sell his cotton. He 
does not have to advertise it in the papers. He delivers it to the 
railway, and there it is caught up by a machine in no wise hk^re- 
ation, wliich finally dumps it down at some factory door — ^where, 
the fanner never knows, it may be in Massachuseti and itway be 
in Italv. But for the factory that spins the cotton into yarn and 
weaves the yarn hito cloth, it is another matter. This cloth does 
not sell itself. It must In* sold, and its maker must find a market 
for it. The impulse begins at the factory; it follows through the bro- 
ker, the wholesaler, the retailer down to tlu^^ultimate consumer. 
C:loth. knives, plows, and desks must be pushed from behind. 
Tlu^y are not 'pulled fnmi in front as are cotton, wiieat, and pig 
iron. / 

It is tliat we coii^* to the point wliere weights and meas- 
nn^s art* important . . . 

Our rhanning foaMgn trade d(Mnands a change in onr nistom- 
ar\ !U(^asuri\s. So loni; as we cling to \^\\x inehos, yard.s, pounds, 
and uallons. w(^ carr\ a wiM^ht. a useless weight, that of itself is 
snffiei(Mit to hold us })ack from that first place as an exporter of 
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highly wrought manufactures which is ours by right of skill,, en- 
terprise, and resources. * 

The importance of the metric scale in foreign tHinnnerce even 
now prt?sses hard upon us, and it will press harder and yet harder 
in the future. We must adopt the metric scale, because nearly all 
the rest of the world, save the British Enipire, has adopted it, and 
this world is the markejt in which we niust buy and sell. 

Furthermore, we should adopt if beca'U^e of its inherent merits, 
its vast superiority even for domestic use oVer our present system. • 
I think I may say without fear of successful challenge that, whue 
any intelligent child caq learn and carry in his mind the whole 
metric system in three lessons, and any adult can master the same 
in one hour or less of serious study, rio man ever has, and probably 
no man ever wilf, master the United States system of weights and 
measures. Personally, I would rather undertake to commit to 
memory the multiplication table up fo the factor of 100 than un- 
dertake siich a task as this. Take the caSe of busliels and barrels, 
ufe^res upon which millions upon millions in values of products 
tire bought and sold; there are scores upon scores of different 
f^ishels and hundreds upon li<indreds of different barrels — cus- 
tomary, standard, and legal — ihsuse in the United States. 

The metric system is simplicity itself. K has many merits in 
nomenclutme and in interchangeability from lengths to weight to 
volumes, but the chief merit to my mind is that it has the same 
base ratio thruout. Measures should have the same base ratio. ' 
That they have not is one of the principal inherent weaknesses of 
our Knglish system as compared with the metric system . . .t. \ 

All the civilized world counts by tens, and most of the world 
measures its money by tens. Goinpare our money values — 10 
cents to a dime, 10 dimes to a dollar — with English money having 
no constant ratio — 4 farthings to a penny, 12 pence a shilHng, 20 
shillint^s a pound, not to mention 5 and 21 as the ratios of crowns 
and guineas — and one immetj^itely sees the great advantage of 
ours over the English svstem. The child lias to learn onlv one 
thing, \ iz. the progression of values; the ratio is' constant. He is 
not in any danger if making the mistake often made by the Eng- 
lish cliild of gettinj^ bis twelves and twenties mixed. But the real 
difficulty comes rvaen the English child begins to put his vaUies 
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doWn on paper, when he begins to add, subtract, multiply and 
divide flnghsh money \alues. This difficulty la'sts him thruout 
life. How man)' AmericanI offhand can give the correct answer 
in pounds, shillings, and pence to the simple problem of 100 units 
at 7 l/2d. per unit? ( £3 2s. 6d. ) Yet every American can answer 
immedhitei)' the problem in dollars and cents^f 100 miits at . 

7 l/2f\* ' • * 

' One must be a little dn the* outside in order to get the right 
N iew. The facility with which the Englishman handles his twelves 
tmd his t\venties does not detract from our wonder that he is able 
to do it, nor change our judgment that tfiis facility represents an 
enormous waste of effort. So to the Frenchman or German our 
apparent ease in handling twos, fours, twelves, sixteens and 
thirtN -twos, in pints, quarts, inches, ounces, and bushels is a sub- 
ject of wonder, but not of envy. 

A. mile has 8 furlongs, a furlong 40 rods, a rod 2 3/4 fathoms, a 
fathom 2 vards, a \ ard 3 feet, a foot 12 inches and an inch 3 bar- 
le'vcorns. A ton has 20 cwt., a hundredweight has 100 lbs.— un- 
less it be . a long ton and then it has 112 lbs.— a pound has 16 
. ounces— unless it be a troy pound— an olince has 16 drams, and • 
a dram has 27 11.32 grains. This is all as wonderful as a cubist 
painting. 

Never tlieless, we can be of good cheer. There is worse to come. 
A Frenclnnan, a German, or ii Brazilian has one quart— he calls 
it a liter, 'and it is the same in France, in Germany, or in Brazil. 
We ha\ e two ([uarts, the wet and thp dry. One of them is smaller 
than the liter, and the other is larger. Our housewives must meas- 
ure tlieir molasses and vinegar in one and.tlieir flour and l)oans in , j 
the other: otherwise tlie domestic econonn- goes all awry. 

IMnts. ([uarts, gallons, and busliels are an inheritance from Brit- 
ain, tlie liritisli wine gallon being the basis of our wet measures 
and the ^^'inchester bushel of our drv. But the British have dis- 
carded both, and adopted a new and larger standard gallon and 
l)ushel. So 50 gallons doesn't seem to mean much of anything 1^.. 
unless oiu> knows whether it is whiskey or walnuts, Ameriean or 

I'jiglish. / 

But the term bushel is used commercially in t\vb senses: as a 
measure of volume and as a conxentional weight. The two are 
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supposed to be interchangeable and are so considered, but they 
are not. The farmer measures his grain b)' volume, the buyer, by 
weight. ,The Nolume is standard, the sapie in every Stat?, but the 
weight bushel, the bushel of larger commerce, is not. Wheat is 
60 pounds e\ er\ where. Rye is 56 pounds in most States^ but is 54 
in California and 50 in Maine. Barley is 48 pounds in the larger 
numlKM- of States but is 45 in Arizona, 46 in Oregon, 47 in Penn- 
•syKania, Kentucky, Georgia, and Alabama, and 50 in Calif^iia. 
buckwheat is 40 pounds in Califoriua, 42. in North Dakota/South 
Dakota, Oregon, and Washington, 48 in nine states, 40 in seven, 
52 in ele\ eu, and 56 in Kentucky. Shelled corn may b^ anywhere 
from 50 to 58 pounds, and corn in the ear ma\' varv hv law ac- 
cording to the month in which it is weighed. ' One' of 'the most 
familiar units of connnercial measure is the barrel. Apples, po- 
tatoes, \ egetabl(>s generally, flour, lime, crude oil, cement,' and 
dozens of other coUnuodities are customarily bought and sold by 
the barrel. For farm produce the measure is ordinarily one of 
volume; for flour, lime, and so on, it is of weight based on volume. 
It is jmpoi tant to know what is the si/e of the base Barrel. There 
is no such thing. A bushel by size is standard, but there is no 
standard barrel— or rather there are hundreds of standards. The 
result is thiit we ha\e all ^he difficulties of the bushel multiplied 
scores of times over. 

One could pursue this vein thru many channels, and every- 
wher(> the same condition is met— confusion and uncertainty, en- 
tailing connilercial loss and inefficiency. Applied to foreign com- 
merce, the whole mass of incongruities known as the American 
sxstem of weights and measures is inipos.sible. But we are told 
that we oautiot change it, that it is too firmly fi.xed. I doubt this. 

'i here art? eertain mafiufaeturing industries whoso tool equip- 
ment, upon the inch and foot gauge, cannot he adjusted to the 
meter ^angc; hut those are \ (>ry few. Most tools can be adjusted 
at hut litth; cost. For the rest, the change h(>re would be easy, as 
it has proved easy in (>\cr\- country which has adopted the metrit; 
s\steni. This statement is .sometimes denied. Tjie denial, how- 
e\er. is based upon a confusion of ideas. It has l)C(>n found .some- 
what (lifFieuK in countries adopting Jhe metric scale to do awa'v 
\Mth the nanjes oj^tlie most used measures, such as yards, (punts, ' 
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pounds, and so. on, or rather of the equiw^ents of these EngHsl) 
words in the hnignage of the country adopthig the new system. 
Pound, lilira, li\te, pfuucL was an ahnost universal measure. Not 
always the sim\t^\ of course, hut iii most .eases very nearly the 
same. Now in suhstitutini; ''kilogram" for **pounfl/' it has been 
found that people were slow to substitute the new word. Take all 
the various pounds of France, the German states (all different),* 
.\ustria, Hungary, Scandinavia, Italy,!spain, etc., in general, the 
kilogram was 2 pounds or a little over. What happened? The 
people kei)t the word, but applied it to a half kilogram — 500 
grams. So we have, at present the pfund in Gennany, which is not 
at all the old Hanoverian, Saxon or Bavarian pfund, but is 500 
grams. So likewise we have the libra ih many Latin-American 
countries, ])ut it is not the oj^d vSpanish libra; it is, as in* Germany; 
the half kilo — 500 grams. 

It has been found very Tcasy to substitute the thing, altho some-^ 
times difficult to su])stitute the word. It is the thing that we who 
advocate the metric SN Stem desire, the word is of less importance. 
It matters but little if, having the meter, we continue to use the 
tvord yard. The important thing is that it be of meter length and 
divided decimally ... 

Scarceh* a vestige of the old standard is left in any country that 
has adopted tlie metric system. Now and then in Latin American 
countries one will hear the old words, ])ut almost always with a 
meaning adapted to the new scale ... 

That we (of the l-nited States of Anieriea) nmst, and further- 
more that we shall come to tl)e nu^trie system is to my nn'nd be- 
yond question. I'irst, because thv exigenci(*s of our foreign trade 
make it inipossibh* for us to do otb(MAvise: and, second, because 
the present systen) is too cumbersonu*, too unecM'tain, too compli- 
cat(*(l, and too diffic ult to learn v\cu for our donu^stic n.ses. 



Intiu'iiational Busiiu\ss (.'oidVivncu Ucsolution 

DuHiNc a ten-dav Intornationcil business ("onfcMcMice hejd in Rye, 
\(AV York, in N'ovcMiibcr, tlu* fi\(* hundrc^d businessmen at- 

t(Midiug from fifty-two nations passed tlic following resolution: 
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There should be adopted, for use in International Trade, a sin- 
gle system of Weights and Measures, preferably the Metric Sys- 
tem'and a standardization of containers with reasonable tolerance. 

TlwAnui'd Forces \^ ) 

The Metric vSvsteni and the^rmed Forces 

CAH AIN (;i:()UGK S. MARTIN, JR.. T.C. 

EunlT hundred million dollars! It is interesting to i^serve that 
this is* a conservative estimate of possible yearly savings in govv 
ernmeut expenditures alone, should we convert to the rnetric sys- 
tem of weights and measures. During the normal lifetj)ne of an 
individual this figure would reach astronomical proportions. 

It is hardly concei\ able that a government consisting of man- 
agement experts, scientists, economists, professors, and solid busi- 
nessmen would knowingly i\ot take advantage of this pecuniary 
saving. Standing alone, the saving would fully justify the change. 
There are, however, other reasons for the change more cogent, 
logical and fundamental than the saving of dollars and cents. 

Billions of American dollars have been loaned toother nations 
in order to increase^ and stabilize world trade. Perhaps overshad- 
owing the niont^tary and pliysieal advantages of the loan is the 
intangibU» iH^nefit of establishing good will While governments 
jealously strive to attain this concealed factor in many wayr and 
for various reasons, to us as individuals it is by far the most im- 
portant of all factors. (;ood will, regardless of its scope, has a 
mark(^cl tendtMiey to deert^asc criticism, to promote harmonious 
relations, to pria^lnde and minimize misunderstandings, to ser\'e 
as a pmiehing bag and absorb blows which might well lead to acts 
of violenc;(\ This litter poiiA is our personal inherently selfish 
viewpoint. 

Htn^ardless* of liow infinit(\simal a contribution may be in ob- 
taininii; good will, providing the residt is commensurate witii ex- 
pend(^cl effort, the benefieial effect is felt indirectly on every 
hearthstou(\ in (^v(M\v home. 

Speaking a common language has a decided adx antage in any 
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transaction, whether it be in diplonmcy or souncl business prac- 
tice. It allc\ iutes the possibility of error hi the interpretation ot 
the precise meanings of given words or of an entire basic doc- 
trine. On this premise, the use of a basic common system of 
.weights and measures also precludes the possibility of error and 
of niishiterpretation, and, in addition, promotes and establishes 
easilv definable and understandable approaches to a common 
problem. Surelv, archaic weights and measures as perpetuated in 
the imperial system, which is not fully understood even by its 
users, are not conducive to harmonious relations or the establish- 
_ineut'of_goi)d*will. The problem of converting imperial weights 
und measures to metric is time-consunung and unjusitifiable. 

• In the earlv part of the twentieth century it was recognized 
tiuit the orgaliizational and procedural pattern" of private entei^ 
prise and go\ ernment, with the exci'ption of the human element, 
' eoMd be scientificallv determined. Through the years this prem- 
ise has been carefully applied hv a growing profession of indus- 
trial and nuinagcnieiit eiiuiuecvs. W e are particularly concerned 
with a relativeU- important phase of the sci-cntific evolution of 
irovennnent, naniels , the proposed merger of the army and navy. 
\Viiile this is u verv controversial si.bject. the basic, theories are 
logical and its discussion is timelv. One advantage alone is suf- 
ficient to warrant consolidation— the savings to our fighting men 
in terms of life itself. 

'I'eauiwork, close supervision, careful planning, coordination, 
and dear, concise dcfineation of command authority are prerc([- 
tiisites to success in anv mutual undertaking'. A few^of the at- 
tciKl.int achaiitaijes are: maxinunn utilization of personnel, inte- 
•rnited iutr-lli'^enee, eoordinated logistical prol)leius, elimination 
of iMtersiTNice transportation difRculties, specialization, irduetion 
ill service jealousies, uniform terminology. 

At what better time in our liistorv could we have applied and 
derived the benefits of the metric svsteni than coueuneiitly with 
the arniv and uas v merger? Even if our chief legislative body 
had (U'termiiied that for various reasons Mu- merger was not p.ae- 
tieal. the ai^pHcation of the metric svsteiii would still he adM'i- 

ahle. ... 
The hidici'.ns .111(1 uuscieutinr iiH-asures applied to arms ot flic 
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various sci \ iccs are ctTtainly/u detcMvent to Qptinium production 
frbni^our luscnuls and pri\ ate mamifacturcrs during tinics of war 
Or peace, bnce it is nianuf acturcid, the ammunition is restricted 
to use witjiin predeteriiiiiu^c^weapons, True, th(!%ise to which the 
weapon is to be put detennines such nictors as trajectory and 
\n\x/:zh vebcity, hut those could be controlled by type and quan- 
tity of powder and still be interchangeable with weapons of an- 
other branch of service. . 

T4i<?le are various units of nieasurenicnt connnonlv utilized by • 
our armed forctVs, such as inches and niilliineters, gaugt?s, calibers, 
and so on. It is\not concci\ah]c that e\cry soldier understands 
and is conipctcnr. instantly to conx^M't foreign measurements to 
imperial inches. lt\s fundai/iental to assume that familiarity vv^itli 
every aspect of one'k tools has the ad/aiitage of permitting their 
f idlest and n)ost yflecf^Ve^u^e. . < 

The change to the nlytric system wciuld pro\ ide other benefits, 
such as: , ' . 

Instruction: Approxi^nately t\v^) years of a child's time u«w 
'Spent in studying ai'^thmetic would hv sa\ed. 

CmnprehtMision'i D(*pending on the adult, only from one to 
three hours are re(juh'(»d to ])ecom(* faniiliar with the simple deci- 
dual system of computing weights and measures, 

r. ^Savings: Only names and scales arc* changed, not machinerw 
j Initial costs of conx ersion would hv amortized within a \ear. 

(I, (.*on\eni(*nce: The difficult c()n\ (M*sion pro])lems now met in 
/the exclnsi\e use of the iinp(M ial system would not arise in normal 
business transactioiis. Any incoiix (Mii(Mic(* occurring as a result of 
comersion woujd he nn,vv than c()nip<Misat(Hl for withi-n a vear. 

r. GeuiMal: \o nation haxintj c(jn\<*rtcd to the metric svstem 
and luivinii reali/iul tnll a(l\antag(*s has then gone back to the 
imperial. Artific ial.l)arri<Ms now c r<\it(»d as a result of .he imperial 
syst(Mn would b(* r(Mno\{Hh 

An orientation j)r()L;rani is <'ssi*ntial. -I'eaeluus of niatlieniatics 
are cont iM'nc*d with simph* sxsfcMUs iisAvell as witli vasv and effec- 
ti\(* Turtliods (^f inshMiction.' 

^ \Iisi < II uM MiiN Piihlji .itiiiii \:i (I.itcd St nit luhtT 21. Tlu' Init vnatioual 

Mi tru I?/ "I W'i rjtts (ititl Mrdsitn-K, (lutliiiiiiij in.df^.iil tlic siiiiplit ity (»1 the 

r.ix U\i n\ xi. hi. |N ou ^ til .it tin ( i«i\t rniiit'iit I Viiihiii^ ( W'.isliiii^ltm. I). (!,. tt)r 
a ii'(iiiin.il f' i\ 
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^l^^j-i^Ietric System Approved" 

QUARTERMASTER GENERAL, U. S. ARMY. 

There can be no doubt that the metric system is greatly superior 
* to the one no4 in use. Is (lie change worth the trouble? I think 

it is. ' ; " • 

More complete international understanding would definitely be 
promoted by the adoption of common standards. 

, Major General E. B. Gregory 

« 

Athletics 

The Metric System in^the Olympic Games 

. \ AVERY BRUNDAGE 

The Olympic Games and, as a matter of fact, nearly all other 
amateur sport events of an international character are conducted 
bv the metric system of measurement, which is used oflBcially by 
most of the great international amateuf sport federations. This, . 
of course, is logical enough, since the great majority of the coun- 
tries of the world use the metric system exclusively. Only the 
United States tind the British Empire continue to use the comV 
plicated English system of measurements. This means that most 

lofficiai worldVrecords are tabulated in meters, although it is.true 
that for comparison records are also listed in English units. 

Because of its simplified character, because it is used in the 
great majority of other countries, and because the principal ama- 
teur sport e\-ents in the world, as was stated above, use it, the 
metric s\ steni was adopted by the Amateur Athletic Union of the 
P^iited States ten or fifteen \ears ago for its championships. 
Shortly after that, the Intercollegiate Association of An)|iteur Ath- 

'ietos of America, commonly known as the I.C.A^A.A.A., decided 
to follow Miit. (Later it had to return to the English units, as the 
Ainutfiir Athletic UnioiTlias for all but outdoor track- e\ents.) 

• Rcprinti-'d frt)m This Week Magazine, April 16, 1944. Copyright, 1944, by the 
Uiiit.-d \i-uspapors Magazine Cni-poration. By pemiission of This Week Maga/nw 
And nf Lieufen;\nt General E. B. Gregory, Retired. 
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In track and field* sports the use of iiietric units does not alter 
the character of the events except in one instance, that of the 
1,500-mctor race, which is somewhat shorter than the mils run. 
The half mile and the 800 meters, and the quarter mile and the 
400 meters are substantially the same distance. In the field 
events, of course, there is no difference whatsoever. It is true 
that in distances above the mile the standard e\cnts vary con- 
siderabl)', but a 5,000-meter race is just as important as a 3-miIe, 
and the 10,000-meter race has as much merit as a contest at 5 
miles. There is enough difference betNveen the 1,500 meteis and 
a mile to change the character of the race somewhat, and an 
athlete who is good at one distance is not necessarily just as good 
at the other. This, however, is not \ery important, although it 
has resulted in much argument. 

Many swimming pools" have already been built to Olympic 
measurements in meters, and considerable progress has been 
made in this sport toward the adoption of the international metric 
system. One commonly hears reference to the 1-meter, the 
3-meter, and the lU-meter boards among the diving fraternity, 
and records are quoted almost as often in meters as in yards. 

In \ achting and quite a few odier sports, meters are used com- 
monly by the participants. 

The question of simplified procedure is so important in our 
complex ci\ ilization that the government has established a de- 
partment to standardize processes. This was essential during tlie 
war and is equally essential in times of peace. The advantages 
of the metric systcxu are obvious. Ilowt^ver, despite tlie fact tliat 
in the scientific world, meters, liters, and grams are used almost 
universally, it will be some time before the United States adopts 
the metric system foi: general use unless our educational practice 
is changrd or unless the government takes a hand, and this is un- 
likely. ^ 

Despite the fact that the Amateur Athletic Union and the 
I.e. A. A. A. A. adopted the metric system to conform to interna- 
tional practice, there was coiisiderahle public resistance. Ill fact, 
the I.e. A. A. A. A. already has returned to the English system. This 
is Itr^ely due to tlie fact that tlie participants in, and spectators 
of. these events had been trained to think in terms of feet, yards. 
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arid miles. Until the elementary schools adopt the metric system 
and- our children are taxight to tliink in meters, liters, and' grams, 
it will be diflBcult to changfs over and take advantage of this sim- 
plified procedure. 

We of Uie sport world can help, but we cannot decide the 
issue of whether the metric system is to be adopted genepalljLlj/ 
the United States even in our owif'field of athletics, ^o-many 
people are involved. Not until our educators decide to make the 
bovs and girls in our schoolrooms use the meter stick as readily 
as the yard stick will public, resistance be overcome. 

Pan-American games, planned before the war but postponed 
because of hostilities, are scheduled for 1950. This will give fur- 
ther impetus to the use of the metric system. The amateur sports- 
men of the United States are generally favorable to tha-«Jwnge; 
they hope that the simplified system based on the meter will 
come into use, hut they alone cannot overcom^he resistance of- 
fered by a public which is not >educated to 'that e^d. 



Adoption of the Iiiternationai Standard 
tor Track Athletics in the United States . 

A. c. (;iLBEivr 

CoOtitrics Using the International Standtird 
(^11 Members of the International Amateur Athletic Federation) 



Haiti Luxemburg ^ Rumania 

Hungary Mexico -Spain ^ 

Iceland' Netherlands Sweden ^ 

India Norway Switzerland 

Italy Peru Turkey 

Japan Philippine United 

Latvia Islands States? 

Lithuania Ppkind Uruguays,^ 

. ,-<To\tu^ah Yugoslavia 

Countru s ( 'i/ng the English Stanchird 
(All Members of thevliitcraational Amateur Athletic Federation) , 

liritish Empire; 

Australia ' Great Britai^i ' New Zealand 

Canada Ireland South Africa ^ 



Argentina 
.\ustria 
Belgium 
Bolivia- 
•Crazil 
Bttli^uria 
C:hile 
China 
Cuba 



Czechoslovakia 
Denmark 
Egypt 
Esthonia 
Finland 
France ' 
Germany 
Cireece 



/ 
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What is the international standard? The international standard 
is tlie Hietric system of measuring distauco for 

100 meters instead of 100 yards ^ 
200 meters instead of 220 yards 
400 meters instead of 440 yards ; 
800 met(*s in'stead of 880 yards, and so on 

Why do we call it the international standard? It is so named 
because it is the standard of distance adopted-by the Interna- 
tional Amateur Athletic Federation. (See lists above for countries 
which are mem])ers of the International Federation.) 

What is the English standard? The Efhglish standard is the 
system of measuring distance in terms 100 yards, 220 yards, 
440 yards, 880 yards, 1 mile, and so ipir: (See the list above of 
countries using the English standard.) 

Why do we call it the English stifndard? We do so because it 
is the standard we inherited from Ji\\e British Empire. It is some- 
times called the imperial standa4-d. y 

/ 

FACTS KA\ ()HIN(; THE USE OF THE IN rEHNATIONAL STAXDAHD 

1. It has been adopted by the International Amateur Athletic 
Fe(l(Tatiou; therefore the Olympic Games, even when held in 
Enghsh-speakilig countries, nuist be run iinder the international 
standard. The Olympic Games held in London in 1908 used the 
interiKitioual standard, not the English standard; the Olympic 
Games held in the United States in 1932 used the international 
standarp. uot the English standard. 

2. Itjkuse would make possible recognition of Am(»rica*s lead- 
ership ii)^ running es'^its. In field evejits the International Fed- 
eration records are tjXusIated from tlie English standard to the 

mternational standard: that is, from feet and inches to the corre- 
spondiug metric- uu^a.snrenients. In running events records are not 
so trauslated. 1^ cords made in the English standard are recorded 
in the archiscs of tlie International Federation but receive no 
n^eoguition; they do not appear on the programs in countries 
usini; the international standard. The result is.}: ^♦'fectlv obvious — 
lack of n eoiiuition of the leadership tliat we feel we possess , in 
man\* running exents, 
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;3. Its use would give an opportunity to individual American 
'a'thlotes to establish" internationally recognized world's records. 
Prior to the adoptjon of the international standard by the Ama- 
teur Athletic Union of the United States^ only once in four years, 
at the Olympic Cianies, were American athletes given an oppor- ' 
tuuitv to'estiit)lish internationally recognized World's records at 
metric distances, and then sometimes thgy were deprived of this 
opportunity h\ track and weather umditions prevailing at that 
time. Therefore it was hopeless for American athletes to expect 
their international records, to measure up to the record* of foreign 
athletes who competed regularly at metric distances. 

4. Its use in this country would better familiarize, prepare, and 
train American athletes for competition at distances measured by ^ 
the international standard. Although the clifTerences between the 
racing distances measured by the internaticnuil standard .and by 
the English standard arc not great, it would be an adNantage to 
oiu- athlete.s^o be familiar with the nietric distaTices. Familiarity 
certainly is an adNantage in judging pace and in. gfN ing pace 
information per lap so it is i ')t confusing to the run^ners. 

5. Its us(? w()nld provide greater familiarity with "the track per- 
formances ,i-n other countries, which would bc-tter prepare Ameri- 
can athletes for international competition. At the present time 
Americans are not kept famih";^ with achievements "Tn foreign 
countries; as a r(-snlt. tliey uncrerrate foreign' competitor.s". This 
accounts for the adNcrse criticisni American athletes Inuc re- 
ceiNcd from the public- press many times' as a result of their .show- 
ings at the Olvmpic (;anies. criticisms arisin)^ wholly irom lack of 
Tiiforniation ri'gardinu the achie\ cnieuts of; foreign cMimpetitors. 

6. Its use in this country wciyld increase ictc^ruational publicity > 
and the exchange of information. Because lofahe fact that the 

' American puhUc is more or h'ss nnfaniilia» wi'lh tW worhl's record 
times in the international standard, newspapers are now reluctant 
to i)nblish results of great- meets in foreign countries. Further- 
more, in the miming cNcnts it is now difTicnlt to make inter- 
national comparisons, owing to the i\sf' "f the 4wo different 
stanthn cls. In m-neral. we need a greater exchange of information; 
it should and will increase public interest in track athU tics. 

7. Its use would have the aclvautage of simplification. No one 
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\ * 

can deny the fact that it would be more simplS if all standards 
of measui'onient throughaut the world wvvi exuOly i^like* 

8. its use woul(^make •jtii^hematical calculation easier. The 
international str adard of measurement is metric. The metric sys- 
tem is acknowledged by everyone acquainted with facts to be the 
simplest system. Its advantages are so apparent as a method of 
measurement that everi in countries where the imperial system 
is qsed, many professions have adopted the metric s)^toni for con- 
\enience, simpHcity, and saving of time. In fact, metric measure- 

.ment is becoming more and more prevalent. Exoryone today is 
buVing films in the metric system, rather than in the imperial 
system. The imperial or English standard is a hodgepodge of 
yards, feet, inches, miles, rods, hands, furlongs, dozens, grosses, 

^^reat grosses, stones, pounds, ounces, and so on. These unite are 
arl Anglo-Saxon inheritance, and imfortunately we hax e clupg to 
them merelv for the sake of tradition, 

.Most people are unaware that the metric system was k:galized 
in this country in 1866 and has now be^n legalized in every coun- 
try'in tlie world. It is used in chemistry, surveving, and various 
branches of our c^)vernment work, i\^ the weiglit.s and measure- 
ments- of our coins, and in vvritinr prescriptions 1^y the modern 

, medical profession. Even in tlie British Empire*, tin* standard 
yafclstic^k is now cliocked hack to the meter for al)soliite accuraev 
mathematically. Scientifically the metric SNsteni is a vast iin- 

4)rovement over. our old methods of computation. Were it not 
tor sentiment and^sclfishness, the change would have been made 
lon^^ a 1^0. ^ 

•FuncKuncntallv and tlieoreticallv tin* metric svst(»ni is the sim- 
plest, most readily learnc^d and uiuhMstoocl and Tiu)st (»asily ap- 

* plied oT all systeuis. Many do not realize tliat even otn- imperial 
system because of fts inefficiency and confusi(m, lias changed and' 
is constahtly changing. Most of the ni(»asur(Mnents of our fore- 
fathers were made in terms o£ chains and links and rods. Prob- 
ably as many steel tapes todaV are divided into tenths of inches 
or into tenths of ft-et instead o^'into inches as are divided iiito 
cjuaf ters and eit^hths of inches. AlW>rs who have ]udg(*d jumping 
events have sworn at such devices when thev have been handed 
to us to measure the distance of the broad jump, high jump, and 

\ 
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so on, and the only reason we have done so w because we are • 

unfamiliar with them, not becaiise /hey Vc. riot accurate. Even 

England and the United States, both using* the imperial system, ^ 

differ malerialh' on some fundamentals. You seldom, if ever, hear / 

an Englishman'weighing 140 pounds do other than say he weighs , 

10 stone. 1^1 point of factj if you take up any racing program, 

such as that of the Grand National, you will find the weights put 

dowr^tthere in stones and fractions thereof. These are merely 

.some instances showing that -even in England and the United 

States there is no one unifonn system of weights and mea'sure- 

mcnts, and that therefore quite frequently in ordinary life,*as Well . 

iis on the atliletic field, we have to go through some mental gym- , 

nasties to picture in our minds .just what such-and-such a weight 

or *performanGfmeanl. ^ j ,,i^v ^ . 

POINTS POSSIBLY UNFAVORABLE TO THE INTERNATIONAL STANDARD * 

'1. Some objections are sentimental or patriotic. The majority 
\()te taken at tlie A. A. U. Chanipionsliips in 193idid not support 
these objections. Spme of the questions and replies were: 

Do vou disapproN e of track races in the United States being 
nni in' metric distances? 2,400 an.swered, "No"; 1,900 answered, t 

les. 

Has your enjoyment of these games been lessened by the fact 
that the races were run in metric' distances? 2,800 answered, 
"N'o"; 1,700 an.swered, "Yes." 

2. Change to the international standard is claimed by some to 
be unfair to old record holders. Those who feel it is unfair to 
tlio old record holders should ask thcmsehes this question: Are 
old record holders remembered by their reeords or In" their 
acliievementsr Will Eddie Tolan's records be remembered in 
the Knglish standard or the international standard? Will not his 
achievement as the outstanding sprinter in 1932 be remembered 
whether liis records are broken or not? Such athletes as Bernie 
Wefers, Charlie Paddock. Maxy Long. Johnny Hays, John Paul 
Jones. Kraeu/.lein, an,d others (iown the line are going to be re- 
membered for their outstanding acliic\ enients, even though their 
records ma\ hu\ e long since been broken. 
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w * 

Probably some of yoii who will read this are record hounds 
who know and remember records, times, and performances in, all 
.the utandiird events. Frankly, I remember few, but I do remem- 
ber tiiat Bernie Wefers wUs the outstanding sprinter qf his day 
and was the most groccful and probal)ly one of the fastest run- 
ners of all time, I do not remenil)er wh(}ther Meredith's great 
achje\ ement was measured by the international or English stand- 
ard, but I hr»ve always *felt he was one of the fastest nmners the 
world has e\ er seen. For tlie life of me I cannot remeniber how 
fast Mel Sheppard ran a 'mile, or what his tinie was in winning 
the lioOO meters at the Olympic Games in London in lOOS — but 
we will remember Mel Sheppard as the outstanding performer of 
his dav. 

What really counts and will linger in our memory is not what 
the record was, or what the system of measurement was, or what 
the rules were that go\erned the sport at :liat time, but the out-, 
standing performers of thc*time. They will always be reniem- 
!)(>red and will go down in history as vhe champions of their day. 
Probably the writer is mope fanutiar with pole vaulting than with 
any other ex ent on the program, ilnd what is true of pole vaulting 
is true of many other events in which improvements, not only in 
techni(}ue, !)ut in the ecjuipment used for the performance, have 
been made. Would anyone want to go ]>ack to the old qbsolete 
equipment — hazardous wooden poles and various kinds of dirt 
holes? It might in all fairness be said that improved methods 
inake comparisons of records unfUir to the old athlete, and yet all 
of us remember Hugh Baxter, owv of the fathers of pole vaulting, 
whose outstanding performances in his time and muler condi- 
tions previ^iliug then will ])e remembered indt^fniitely. 

I aiu renu'uded of the fact that when the great Nlikc* Murphv 
prj^t(vsti»d the use of bamboo vaulting p'ol(\s at the Int(MC()llegfift(* 
(iaii.(»v* in Fhiladelpbia in 1908; uwv of tlu* arguuKMits raised in 
(li^cussiiui matter was that it. was unfair to old record hold- 
ers; and \et Jim Sullivan ruled, as he should have, that the bani- 
l)t)() polt* was not only perftrtly legal but a step forward. Tlu* 
www fact that it was a(lopt(»d as an improx (MucMit, a st(*p forward 
in athl(»ties. has not deprixed any of tlu* old record holdcM's of 
any of their yrc^it achie\ (Mn(Mits, or changed the fact that tlu»y 
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were outstun^^ing champions of their day. Who, pffhapd, cart re- 
.member wlionNthe 'distance from the curb to the edge of the 
standard track \yas chan^jed from 18, inches to 12 -iiches? Who 
cati remember cortn^aring records for races run w.th spiked shoes 
and without them'r I do. not want to^nvey the idea that I do 
not beUe\ e in records or the recording of them. Comparisons of 
time are important, but the main point is that they will be of in- 
finitely more \ali^ if ihey am be made among performances 
throughout the world. 

3. it is claiiJied by some that the change to metric nheasure- 
ments would be. confusing to spectators.. Ask youtself, "Is the 
marathon race confusing?" No, it is not; yet the name of the race 

, does not specify any particular distance. The puWic knows only 
lhat'the race is long. Unprejudiced minds realize that in a qom- 
parati\elv short time'an\' confusion, if it does exist at first, will be 
entirely eUminated. ^ 

4. Some objections to the metric system are the v^sults of mis- 
ihfoniialiim as to what the international standard means. One 

■ such misconception is slWwn i«>*the mistaken statement that the 
field events will be announced to the audience in' metric units. 
Another attributes political motives to the exponents of the inter- 
national standard. A third appears in staterrtents co the eficct that 
all coaches disapprove the change. A fo^lrth consists of the belief 
that tlie athletic clubs and universities jike opposed to the metric 

.sNstem. Consider, howc\er, the follo^||[g facts; The A. A. U. 
Track and Field Conmiittee adopted the international standard 
unanimou.sly in 19'32. The A. A. U. Convention in 1932 adopted 
it uiuuiiinously. Nhmy prominent adiletic coaches ha\ e approN-ed 
it. Promineilt sportsmen in every state in the Union approved 
and recoinmeiided its,adoptioii. All the outdoor A. A. U. National 
Championships are run in the international standard distances. 

o. Some who object to adopting the international standard 
nieasurenients.ask why the Uni*^ed States .should give way to re- 
(juests of otlier nations when we could make them look pitiful in 
anv nu-ct. The answer to that is that in the nuuiiug e\ cuts at the 
OUinpie CianifS in Los Angeles in 1932, Uu; United States won 
oiiK four ot'^the clexeii races on the progranu exehisive of the 
rehi\ races and the ."iO.OOO meter walk. 
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The Metric System and Latin American Friendship* 

* 

OTTO E. KRAFT 

Ox October 15, 1942, the Brazilian Government changed its mon- 
etary system importantly. 

Previously the monetary unit was the milreis (one thousand 
reis). This small unit, equivalent to roughly five cents U. S. cur- 
rency, ^yas expressed in figures as: I'^OOO. The conto or 1,OQO 
milreis, equivalent to about $50 U. S. currency, was written 
1;000$0(X). 

Statements of even medium-sized Brazihan houses showed as- 
sets running into ten figiures (Brazilian currency). For instance, 
1,000 contos or one million milreis were v/ritten 1,000;000$000, 
and this was equivalent to but $50,000 U. S. currency. For really 
large enterprises, in the million-dollar category, the Brazilian fig- 
ures were astronomical. For example, five million dollars were 
100,000:000$000. 

The Brazilians, like ourselves and our British cousins, are fond 
of their traditions and slow to change them; and yet the old sys- 
tem was thrown out of the window and a decimal system of 
currency was adopted. The "cruzeiro" takes the place of the mil- 
reis, and, while the unit itself is a small one, accounting is greatly 
simplified, as one cruzeiro (Cr.$) is now written "Cr.$l,00," while 
1,000 cruzeiros (one conto) are Cr.$1.000,00. 

• Reprinted with permission from the January, 1943, issue of Dun^s Review, 
published by Dun 6l Bradstreet, Inc. ^ 
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So, practically overnight, our great southern friend and ally has 
discarded its cumbersome system and adopted one better fitted 
to modern conditions. 

We hear a great deal about Hemispheric Solidarity, yet bur 
systeijj of weiglits and measures js totally at variance with that 
(if tlie ten South American Republics, tbe six Central American 
Republics, and our next-door neighbor and ally to the south, Mex- 
ico. In every one of these, as well as in the independent nations 
of the West Indies and in some of the colonies of foreign pow- 
ers, the metric system is in use. 

Of the large countries in our hemisphere, only ('anada andthc 
United States still cling to the archaic and Qumbersome system 
of weights and measures represented by ounces, pounds, tons; 
gills, pints, quarts, and gallons; inches, feet, yards, rods, and miles. 
Aside from this we have troy weight and avoirdupois, tlie short 
ton and the long ton, and many other units which mean abso- 
lutely nothing to the other countries of this hemisphere and often 
are not thoroughly known to our own people. 

We have all heard the riddle, *'What weighs more, a pound of 
gold or a pound of feathers?" Sounds silly, doesn't il? A pound 
of gold, for which troy measure is used, is equivalent to 5,760 
grains; while a pound of feathers, for wliich avoirdupois measure 
is used, is equivalent to 7,000 grains. So a pound of feathers 
weighs 1,240 grains more tban a pound of goldl 

Unless you are a farmer or a surveyor, tbe cl.ances are nou do 
not know offhand liow many scjuare feet or sqr.are yards or scjuare 
rods there are in an acre, or how many acres in a scjuare niiU\ 

Is not this tlie time to start thinking of throwing our anticiuated 
system into tlie discard and of adopting the metric SNsteni? 

IMPLEMEXTING A Sl.()(;AN 

That would be one way of proving to our Latin-American 
nciuhbors, friends, and manv actual allies in the war. that we 
really ineiin "solidai itx " with tlu m, instead of regarding the word 
merely as u slogan. 

Think of the advantages to the Brazilian exporter of essential 
raw materials if he ean (juote prices in kilograms without figuring 
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out the equiv alent ni pounds; to the Colombian ^importer who ^ 
needs so nuiny meters of goods and does not have to convert them 
into viu^ds; to tlie Mexican, manufacturer who lias so many square 
meters of floor space for macliinery he requires and does not have 
* - to convert thwn into square feet 

.\fter the war we sliall, sooner or later, face Etiropean com- 
petition again, I have repeatedly heard the statement made in 
Latin America that it is easier to handle European "than United 
States merchandise beciKise the Germans, the French, the Span- 
iards, the Italians use the metric system and we do not. If we 
can eliminate that complaTiif, it will undoubtedly swing some 
business to the United States and tie us more closely. 

Shortly after the fire on the Normandie many stories were heard 
about why it was possible for ^hat magnificent liner, reputed to 
have had the finest fire-fighting equipment available, to havc^been 
so severely damaged by fire in such a short timi\ One was that the 
hose had deteriorated and that the hydrants had the French met- 
ric threading, while the hose couplings available in the United < 
States had American threads; and the delay in changing the hy- 
' drants niTide it impossible to use the hose when it was so badly 
needed. No one can be^icld to bhime for this, if it is true; but 
if tlie threadilig had been uniform, the Normandie might already 
have ferried thousands of our boys across tlie seas to points where 
they are so vitally ne^^^ded. 

Many of r)ur large facttnios are low working solely on war 
orders. W'hvu the war is over they will have to start anew on com- 
mercial business. Already methods of packaging and types of 
containers have been changed. Changes of dimensions and of 
weights are the next logical step. ^^ 

It may be adniittc^d frcc^ly that clianging our whole system of 
weights and measures, especially land measures, would present 
a i^reat manv difficult problems; but they are n\>t insurmountable. 
V\V have seen some of those cliaiiiies in our own lifetime. In 
Mevico, for instane(\ within the past decade the tinie-recprding • 
svst('ni was offKL'ially changed. From the tW(*lvc-hour clock a 
change was nuule to the tweTity-four hour clock. There was a 
lot of <j;nunhling at the outset; the measure was "radicaP and 
*'n<»w-fangled," 
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Ho\ve\(>r, all official time is now on. the twenty-fcHU* houV 
sc'hechilo, and all ntilroads use it. It was not necessan^'to change 
the dials of the clock; numbers from 13 to 24 were placed under 
or o\e' r.vo from 1 to 12. All doubt as to whether vour tiiairr 
leave* m . ^2 A.\f. or 6:32 p.m. is done away with. The timetable 
sa\s cixvvs at 18:32. .so you know vou have the whole dav be- 
fore you roll out of the Buena\i.sta Station in the early evening, 

Inddentally, our army and na\ v luue been using the twenty- 
four hour schedule. If you are in a fox-hole on ^Guadalcanal and 
are notified by field telephone that the zero hour is 4:02, you do 
not ha\ e to ask ■ a.m- or p.m.?" 

TIME FpR CHANGE 

^^Tlurrir-a-elumge brought about by the war and we may see 
it in more general use before the war is o\ er. 

The war has already caused radical changes in our whole mode 
of life. You are dri\ ing more slowly and driving less. You can- 
not say '*fill Vr up*' when \ ou go around to get gas. You cannot get 
the sugar you used to, nor the meat, nor the coffee, nor the golf 
balls, nor the tires. A \ ear ago, we would luue considered those- 
changes 'Radical." Yet we luue tak^-n them in our stride and we 
shall take nuuiy niore. 

Our whole s) stem of living is changing and it will surely change 
even more. 

Is this not tl\e time to adopt the metric system, or at least those 
weights aiul inoas(u-os used in our dealings witli foreign countries? 

Lct\(;() NU^tric^ 

J. 1). HATCI.U-K . 

Ask your neighbor lo d<*fine a trOy ounce, a gill, a furlong, or a 
drachuKi. His f.iiliu'c to answer correctly is- no ri'fli'etiou on him. 
It is a reflection on thi* ahsurdit\ of our s\stcMn of weiuhts and 
nu*asiu*(vs. 

It is a p(M"fcctly safe lu^t that >io otu' in thv United States can 

Itt piiiitid irMin This \\ i , k M lu-t/mr, Apiil K). IMH. uitli primis>i.Mi (.| tlu- 
autltur .mil i-t tin- |iul)lislur. (.ninriuht. HiU, l)\ llu- liiitid s[).ipt'r\ Mai^a- 
/iiir ( '«»ipiir.iti« ill 
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accurately define all. the units iii the system i the grains, scruples, 
nenn\ vveightS, the three kinds, of tons, the 56 kinds of bushels. 
The Bureau of Standards uses over 500 fine-type pages to do the 
job. . ^ - 

The ancient Chinese had an "uphill" mile and a "downhill"' 
mile. They logijRilly contended that it was haider to walk up a 
hill than down', and that the uphill mile should be shorter. Smile 
if you will. But look at our system. Ask the old question: which 
is ijwix ier, a pound of gold or a pound of feathers? 

SilK-, yo» may «ay. But wait a moment. Feathers are weighed 
l)v avoirdupois, gold by troy. The avoirdupois pound is 7,000 
grains, tlie troy, 5,760 grains. Therefore, imless you define terms, 
carefully, a po'ufid of feathers wj?ighs more than a pound of gold. 

There is one way out of tbis horse-and-buggy system of weights 
and measures: join the world parade and adapt the metric sys- 
tein. It is the only scientific system. It has been adopted by 
o\ery country in the world except Great Britain: and .pitrselvcs. 
E\eiy country south of tl)e Rio Grande uses it. So does all of Eu- 
rope and the' Orient— including "backward" China. After once 
trying out metric, no country has ever gone \ck to its old sys- 
tem. Metric is the decimal system we use i, -ur money applied 
to tvci<ihts and measures. Everything fe in units of 10; hence 
there in no need for fractions. 

This is, perhaps, the critical time in our national history to make 
sm a switi h. There will be big jobs to be done in the postwar 
world. Tlie change to metric is one of the smaller jobs which 
should uet top priority. Millions of soldiers will be returning from 
<)\erseas, where thev have become accustomed to kilometers, 
meters, liters. Thousands of factories will have to be retooled for 
peace— they may as well be retooled in metric. 

, wk'hk hohn on metric 

Of their own volition, a great many industries have already 
.switched over. Almost the entire eheniicar industry is based__^n 

'tnetric nieasiirenient.s. Hecau.sc of the great saving of time, and of 
wear antl tear on brains, many machinery companies and manu- 

1 factnrcrs use metric exclusively. We buy vitamins by metric 

\ *" 
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weight, tun'e our radios to meter waves and follow sports events 
where, metric measurements are \ised. For the sake of simplicity, 
safety, and.con\enience, physicians write prescriptions in metric. 
We even enter the world on the metric system— nearly all hos- 
pitals weigh newborn inf;ints-in terms of grams. 
. 'Our decimal monetary' system is the essence of simplicity. 

We recognize the contrasting asVl^wardncss of the' British mone- 
tarv svstem— yet we cling to a system of weights and measures 
which is even more archaic. To appreciate the beautiful simplic- 
itv of metric measuremquts, consult your child's arithmetic book. 

Ldok at tliis sample problem: find the number of cubic yards 
in u rooni which measures 7 yards 14 inches, by 12 )ards 23 
inclies^ by -i yards 5 inches. 

Contrast this with the same problem in a French, Chilean, or 
Russian textbook. Find the number of cubic meters in a room 
which measures 11.^2 meters by 5.25 meters by 3.9 meters. A 
rlock would be needed to measure the amount of time consumed 
with the first problem"; a stop watch with the'^econd. 

Take another problem: Conxert 11 pints, 2 gills into gallons'. 
That takes time. But to convert 6,479 cubic centmiete?rs into liters» 
one needs only to place a decimal point— 6.479 liters. This speed 
and accuracy endear metric to all scientific men and engineers. 
Without exception, they are for the chahgeox er— and the sooner 
the better. 

Educators estimate tlu t the metric .system, by eliminating frac- 
tions, would save at leasv a year of time spent by children learn- 
ing aritlnnetic. For industry, the sax ings in dollars would be even 
more dramatic. One factoiy which switched to metric estimated 
in one vear it sa\ed 10 times the cost of new measuring devices. 
A railroad estimates metric would save it $50,000 a year in paper 
work. 

Adoption of metric would put everything on one standard, and 
eliminate confusion that exists in many places — the Army, for ex- 
ample The .Army uses four measures of gun size: inches for coast 
artillerv: inillinicters for field guns, calibers for rifles and m ichine 
mins; ^an<j;es for shotguns. 

To a laruc <'\tcut. we cling to oiu' present system purely be- 
cause of iniTtia. lAuinine some of its absurdities. The foot, for 
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HOW THE METRIC SYSTEM WORKS 




METRIC SYSTEM 

O 



TO CONVERT UNITS 

JUST MOVE 
THE DECIMAL POINT 



161 CENTIMETERS = 
16.1 DfClMETERS =x 
l.6tMETEir$ 




OUR SYSTEM 



TO CONVERT UNITS 

YOU MUST 
MUITIPIY OR DIVIDE 



161 INCHES ^ 
13 5/12 FEET = 
4 17/36 YARDS 



PROBLEM: 



FIGURING COST 



^•■f »t XX, 

:;•:.! :::r]r 




if 



i MfTRIC TON 

' W K \0GIAM5. COfiTS $160,000 
fhen 1 K'lOGRAM COSTS 

'ONE •THOUSANDTH . . . $160 

ond ^ CHAM COSTS 

ONt Thousandth again 16* 



PROBLEM: 



FIGURING COST 




if 1 lONG TON 

COSTS 

then 1 POUND COSTS 

1 2240TH 

and I OUNCE COSTS 
1 16TH AGAIN 



$160,000 
. . $71.43 
. $4.46 



Vxaniplo, was originally anyonrs foot — witliout n^i^ard to shoe 
size. Kdwurd II decnrd that thnn* l)arU'ya)nis niado an inch; 
and Henry I specified the yard as tht* tlistance from the tip of the 
royal nose to tli(* tip of the royal riu;ht tlunuh. The rod was the 
sutu of 16 l(»ft feet placed to toe, the left feet l)eing snpplied 
hy the first' 10 nuMi who emerged from church on Sinulav. Thus, 
our hopeless patchwork of ni(»asuremeuts sprang up. 

WOLLl) KM) CONTI'SION 

The mrtrie s\stem was dtAised to end all this confusion — bv 
.irrivini: at a niininiiun uumotM' ot imits, ;uid placing all these 
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units on the decimal system. During the French Hevolution the 
National Assembly appointed a «mnnission of scientists to do the 
job. The French scientists arbitrarily decided- that the basic unit 
of measurement should be the meter,- which was one ten-iftil- 
lionth of the distance from the Eijuator to the North Pole. The 
neter turned out to be the rough equivalent of our yard — 39.37 
inches.^ Like our dollar, the metcr^vvas^^ividod into 100 equal 
parts — centimeters. It was multiplied by 1,000 to make the kilo- 
meter — which is about three-fifths of our mile. Thus, instead of 
saying that it is so many miles, so many feet, and so many inches 
from one point to another, the metric system expresses the dis- 
tance in decimals — 4.56 kilometers. The metric measure of land 
area is the hectare — 10,000 scjuare nipters, roughly two and a half 
acres. 

The W('i}!^ht of' one cubic centimeter of pure water became the 
basic measure of wcif^ht — one ^ranu One tliousand' grams com- 
posed a kilogram — 2.2 pounds. One tliousand cubic centimeters 
became the liter — sliglitly more than our (juart. Huis, metric has 
but three l)asie units; liter, gram. niet(M-. Everything else is either 
a subdixision or a multiple of tlK\se units. They are convertible, 
ou.e to the other. Thus, 1,000 cubic centimeters make a litex;^a 
liter of pine water weighs a kilogram. 

One prominent educator declares that he can teach metric to 
anv reasonably intelligent pevson in less than an hour. 

KN(;iNKIvHS AHK ( :()>*VINCKI> 

More and more* our engitieors are going to foreign countries to 
build railroads, power plants, bridges. OftiMi, wlien they accept 
tlK\se jobs, thvy f(Mr they will have difficulty in dealing with new 
units of uHMsureuient. To a man, they report no difficulty what- 
soever. iMuMr eakiilations are simplified inun);»usural)ly, and they 
conu* home ardtMit ni(*tric fans. I 

Ado[)tiou of ihc nu^tric s\steui would gi\^ this country a trc- 
iikmhIoiis a(I\ai)taLi(» in world tra(I(\ Our salesuKMi would go into 
f<)r<M'j;n countries s[n\iking a familiar langiiagt* of wt^iyhts and 
nuMsures. 

[apaii iUid (i< riuan\, both on metric, had a trade advantage* in 
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Sou til "Ainerica in pres^ar days and walked away, with* a large 
^hare of the market. If we discard our clumsy s)Stem and get ift 
step with the rest of the world, this ad\'antage will be ours. 

What about Great Britain? It has long been obvious that if we 
were to switch, Britain would have to — it couldn't remain isolated 
in the world. Similarly, if Britain changed to metric, we would 
have to follow. So it s a question as to who will make the first 
move. p 

Exactly how difficult wouhV'the changeover be? Since there 
are but three basic units in the metric system, the average per- 
son should he able to adjust himself in a few daysl tinw. We 
would ha\ e to learn ta think of auto speeds in terms of kilometers 
per hour, instead of 60 miles per hour. But the general similarity 
of other units would ease the task. The liter is close to our quart. * 
Half a kilograrri is near to our pound. 

Whj^% then, lia\ en't we changed — long ago? Congress legalized 
the metric system in 1866. But this act only made its use permis- 
si])lo. We loni; ara decided that metric should be used in Hawaii, 
the Philippines, and Puerto Rico — but have resisted efforts to 
a\ ail ourseh es of its advantages at home. Several times Congress 
has considered bills which would nlake the use of metric com- 
pulsory. The last time wofi in 1926. 

A small but \ocal ni>rlority opposed tlie bill. It gave voice to 
a widespread nu*sconcci)tion — that all machinery would have to 
])e scrapped. This, of course, isn't true. Only the names of things 
are changed. 

Road signs, railway mile posts, scales, rulers, calipcMs would 
1ki\c to !)e changed. The bill of 1926 proposed that a 10-vear 
period be allowed for such changes. Other countries have clone 
tliis without .^fufFering hardship. In this time large anunints of old 
(•(juipment would ha\c to be scrapped — and could be replaced 
with the n(*w metric. 

' NOWS THE TIME 

The nrge to change is !)econiing more and more widespread. 
.\s we ha\c noted, a number of mainifactiniJig plants ha\'e ab 
rvddv i^one o\(*r to metric. IhMirx* I'ord and other industrialists 
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are ardent advocates. Nearly all scientific and engineering soci- 
flies are lieartily in favor of. it, and so arc physicians. Phar- 
maceutical houses, jewelers, optical-goods manufacturers have 
changed already. 

A sur\ey of educators, manufacturers, engineers, and physi- 
cians several years ago showed 80 per cent for the change to met- 
ric. Manufacturers — where most opposition is supposed to lie — 
faxored it two to onel 

Even the most voluble critics agree that we will eventually 
switch to metric. It isn t likely that history will cwt present, us 
with a chance as favorable as the present. ' 

'Turning the Table" of Decimal Equivalents'* 

J, T. JOHNSON 

An iNTEHKSTiNG but entirely overlooked situation is presented by 
tlie table of decimal equi\alents which is so famiUar to everyone 
in the metal manufacturing field. The table, so often presented as 
a chart and frequently seen about the shop and drafting room, 
contains si^ty-four items running from 1/64 to 64/64 and from 
one to six places of decimals [see page 142]. 

It will be noticed that more than half of the items contain six- 
place decimals. 

This table does a great injustice tp the decimal system. Most 
of the users are grossly^nisled as to the real nature of the system. 
./For instance, the impression prevails that it takes a five-place 
decimal to express a fraction as large as 1/32, and a decimal of six 
places — 0.015623 — to express a fractjon as large as 1/64. Thus 
the tendency is for the user to thnik that the decimal is a very 
chnnsy and unwieldy fraction, whereas. the opposite is true. 

Not until the advent of the automobile in 1900 did the decimal 
lu^i^in to eouie into its own. This was due to its simplicity and 
ad\anta<;es for close fits. Tlie ihier parts of the autoniolnle re- 
({uired measurements vhsw than the sixty-fourths which in many 
shops had been tiie closi^st imit of measnrement up to that time. 

* Heprintol Modern Mdcltinc Shop, June, U)15, by prnnissi(ui of the pub- 
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I. Table of Decimal Equivalents 



1/64 = 


.015625 


23/64 


— 


.359375 


45/64 = 


.703125 , 


1/32 = 


.03125 


3/8 





.3750 


23/33 = 


.71875 


3/64 = 


.046975 


25/64 





.390625 


47/64 = 


.734375 


1/16 = 


.0625 


13/32 





.40625 


3/4 = 


.7500 


5/64 = 


.078125 


27/64 


— 


.421875 


49/64 = 


.765625 


3/32 = 


.09375 


7/16 


— 


.4575 


25/32 = 


.78125 


7/64 = 


.109375 


29/64 


— 


.453125 


• 51/64 = 


.796875 


1/8 = 


.1250 


15/32 


— 


.46875 


13/16 = 


.8125 


9/64 = 


140625 


31/64 





.484375 


53/64 = 


.828125 


5/32 — 


.15625 


1/2 


— , 


.5000 


27/32 = 


.84375 


11/^4 = 


.171875 


33/64 





.515625 ' 


55/64 = 


.859375 . 


3/16 = 


.1875 


17/32 





.53125 


7/8 = 


.8750 


13/54 = 


.20312,5 


35/64 





.546875 


57/64 = 


.890625 


7/32 = 


.21875 ' 


9/16 


— 


.5625 


29/32;= 


.90625 


15/64 = 


.234375 


37/64 




'.578125 


■ '59/64 = 


.921875 


1/4 = 


.2500 


19/32 




.59375 


- 15/16 = 


.9375 


17/64=' 


.265625 


39/64 




.609375 


61/64 = 


■.953125 


9/32 = 


.28125 


5/8 




.6250 


31/32 = 


.96875 


19/64 = 


.296875 


41/&4 




.640625 


63/64 = 


.984375 


5/16 = 


.3125 


21/32 




.65625 


1 = 


1.0000 


21/64 = 


.328125 


43/64 




.67187? 






11/32 = 


.34375 


11/16 




.6875 







V To make the common fraction small enough for close work by 

successive halvint;* as the table does, it would be' necessary to 
continue as follows: 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, 1/256, 
1/512, 1/1,024, 1/2,048, 1/4,096, 1/8,192. And still we haven t 
arrived At a fraction* as small as the ten-thousandths of an inch 
which is in common use in automobile design/and other fine work. 
The cit'cin'ial, on the other hand, arrives atti fraction as small as 
1/10,000 in four steps, as follows: 0.1, 0.01, VoOl, 0.0001. 

The ffaction 1/8,192 converted to a decimal equivalent would 
be written thus: 0.0001220703125— a monster of thirteen decimal 
plac(\s. To the person not familiar with the l)asis of the decimal 
system it might appear tliat in order to use a decimal as small as 
1/8,192 inch one would have to u.sc this thirteen-place decimal. 
UcYc is where the old table of decimal equivalents is misleading, 
becar..si^ it may be difficult to .see that a fraction smaller than 
1/8,192 c;;m be expressed by the simple decimal 0.0001 and that 
0.0001 is smaller than 0.0001220703125. 
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11. Tablk of Common Fhaition EyviVALENTS 



.1 = 


.01 


= 1/100 


.001 = 1/1,000 


.0001 


= 1/10,000 


.2 = 1/5. 


.02 

•• 


= 2/100 


.002 = 2/1,000 


.0002 


= 2/10,000 


.3 = 3 /lb 




etc. * 


etc. 




etc. 


.4 = 2/5. 












.5=1/2 












.6'= 3/5 












.7 = 7/10 ■ 












.8 = 4/5 












.9 = 9/10 


.99 


= 99/100 


.999 999/1,000 


.9999 


= 0,999/10,000 



Let us turn the table and make some comparisons. 

Where the first fraction, 1/10, shown in Table II above, requires 
four characters (three figures and a line), its decimal equivalent 
requires b\it two characters (one figure and one point). Like- 
wise it is seen that the last dopwnal, 0.9999, requiring five char- 
a«"ters, uses, ten characters 'in its common fraction equivalent, 
9,999/10,000. 

. It is not the purpose of the writer to compare the advantages in* 
addition and sul)traction and other processes possessed by the 
two svstems; this would require another article. The writer 
nierelv wishes t^- corrt^ct the erroneous notion for which the table 
of dt'cini;»l e(jiiivalents may be iespbnsible; namely, that a six- 
place dociiiiul !s n(^cessary to express a fraction as large as 1/64. 

In a teciuiolo^ical and streamlined age, with simplification a 
necessary objective, is it not time to turn the tables and let the 
decimal come ftilly into its own? 

In Favor of the Metric Syst^cni'* 
# 

Dkau Sum In a letter published in the July issue, Leonard C. 
Jordan offers objection to a change to tlie metric system of meas- 
urement. Howt^xcK, he does not advtince a single logical argu- 
ment against^ the suggested change. 

In his first paragraph, Mr. Jordan mak(\s the ama/ing deduction 
that advocates of the metric system recommend tluit its use be 
made coniptilsory. To my knowledge, no specific plan lias l)een 

• Heprintt'd fruin the OctnhcT, 1045, issvie ()1 C'iii/ iln^imTriiig hy pcrinissiun of 
tlie publbluTs. 
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outlined for acliieving uni\ersal adoption of the system. A start- 
ing point might be an agreement among engineering societies to 
use it exdusively in pubhcations under their jurisdiction. Gov- 
ernment agencies might be induced 'to do likewise. Its general 
adoption bv industry would be more difficult. At any rate, com- 
pulsion does not appear to mc to even enter into the question. 
• Mr. Jordan follows the abo\e deduction with the statement 
that the established system ( English system) is "now preferred by 
those who use dimc'i\:;'ons and do the mathematical work con- 
nected with them." I wonder where Mr. Jordan has been living 
during the past ten years. During that period, at least, I have 
beard countless engineers and other professionals lament the 
ehimsiuess of the English s\ steni, a^id Mr./Jbrdan is the first one 
Ifcliave run across who prefers it. 1 don't doubt that there are 
others who prefer tbe retention of the Engli.sh system, but if they 
are in a majoritv or e\en u sizable minority, they have remained 
■strangelv inarticulate. 

In his second paragraph, Mr. Jordan indicates that he does 
lKi\e an inkling of the principal incentive for uui\ersal adoption 
of the metric system— the advantages, fiom the standpoint of in*, 
teruational trade, of a conuuou system of measurement. He states 
h()wc\cn that "the United States and (Jreat Britain have done 
more with feet and inches than the rest of the world has donfe 
with meters.'" and for some mysterious reason proposes this debat- 
able claim as evidence that the rt'st of the >vorld could change to 
the Euulish system luore easily than we could change to the met- 
ric svstem. His boast about the progress of the United States and 
(;reat Britain is patriotic, but doe.s he expect us to believe that 
that progress is attributable to the use of 'feet and inches? The 
metric svstem is already in .'onsiderable use in both the United 
States and England, and is more familiar to us than is the English 
sysfem to mo.st -othens. Tliat the metric system is 'simpler is. too 
ev ident for discussion. 

Trne, the Knu;lis]i\svKt<'ni coiikn)e converted into a decimal sy.s- 
tcm to a 'greater extent than the present teiill.-of-a-foot usage in 
siirvevinu;. but would such an abortion be more practical than the 
ad'optioirof-a n-adv-niade svstem already in use in most pai|s of 
the cixili/e'd world? \h: Jordan seems concerned chiefly with 
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Huoar dimensions. Does he contemplate setting up weight? area> 
and volume systems, including tenths of pouiids> tenths of gallons, 
tenths of cubic feet, and others? 

He informs us that the metric s\ sten) is *'no cure for all ills'* and 
"no guarantee a^ainst^m I have never read any clanns, 

by propdnents of the system, that it is, and I cannot conceive- of 
any system that would offer such a Utqpia. Mr. Jordan suggests 
tluit the metric system involves increased opportunity for errors 
in locating decimal points. Perhaps he considers fractions not 
susceptible to error. The fact that the metric system eliminates 
the use of fractions is a leading adxantage of the systeoi, and 
go0(l engineers A/6 not get gray determining'the location of their 
decimal poinJjA 

In his last paragraph Mr. Jordan states that the period ahead 
will be too **trying and uncertain" to permit' the disturbance of 
" present standards. The future is always uncertain and is always 
trying to defeatists, and a -meritorious change should not have to 
await the pleasure of ''those who do the work that would be most 
seriously disrupted by the change." As has already been pointed 
out bv manv, the retooling necessarv in the reconversion of war 
plants to civilian production offers an unusual opportunity for 
change-over to the metric system with mininuim cost and con- 
fusion. 

Maurice N. Amster 
AftHociate Member, Atneriean 
^Sorietii ^^f ^'^^^^ EHgxnccrs ' 

Metric Swstcm Widely Used" 

KBASCC) SKHVIGKS, INC. 

To THK, KnnoH: I was pleased to see, in the October 1945 issue, 
the three letters on the metric system. This corresj^ondence evi-' 
dences the interest of engineers in the su])ject. ^s is well said in 
one of the letters, discussion of this important matter should be 
calm, avoiding prejudice and bitterness, 

• Reprinted fruin the I-Vhru.iry, H)t6, issue nt Civil l.ni^inrvring h\ ptTinissioii 
(;f the ^)ul)hhh(.•r^. ^ * , • 
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OuF compun)- has for many years used inetfic units in drawing 
pUms for construclion in Latin America and other countries that 
have adoptell fho metric s\stcm.. Engineers and draftsmen, who 
had heretofore used Enghsh measures only, Soon learned to use 
the metric svsteni efficiently. We are therefore interested, in the 
progressive use of metric measures in this country; inefficiency 
. results front the continual necessity of converting from one system 
'to Mic otho?. Pe;sonall\-, I helieve it will he desirable to work out 
over a term of > oars, a method of adopting the metric system ^n 
.. this couutvv and^ariidually superseding- the English,, ^ 
I was glad to note in L.'^I. 'Winsor's article, "Flood Control and 
Di\ersi(»u Works in Persia," also hi the October nutnber, that he 
made usl of metric mea#iues, trustiiig to the intelUgence of read- 
. ers'^of C'«i;/7 En);inccring to understand the units used. 

Whether or not our. country will eventualkv adopt the 4uetric 
system of weights and measures, it would appear intelligent for 
our engineers and writers to reeogni/e that practically the entire 
• • world, except the United -States and XJreat Britain, utilizes the 

metric svstein. C:«i// Enti,in('crin(i doubtless has readers through- 
^ out the nou-Engtish-speaking world, and it wouk. eem wise to 

cater to them in some degree, rather than to use Engli.sh units 
exclusivelv in articles. 

Among the letters in the October number is one from Paul^Vtm- 
liuskirk. "suggesting the use of "uncial part.s" in expressing meas- 
uroments of length. I have also read recently of a number of sys- 
' terns incorporating decimal subdivisions of a basic unit; one of 
these, the so-called "Nhicroblox Decimal System," adopts a.\)asic 
unit e(iuivalent-to 40 in. 

It appears that advocates of adherence to English measures go 
tlirough strantic contortions in the attempt to make these meas- 
ures convenient for exeryday use, and to avoid the awkward 
ratios of conversion l)(;i\^ei'n different miits and the use of vulgar 
fractions. The wa\- to obtain fidl advantage of decimal measures 
is bv gradual adoption of the metric system, with its .relativeh' 
simple units and relations between miits, and with its imiformity 
with the practice of oxer fift\ countries throughout the world. 

l,()iiis Elliott 
■ Con.sullhi'^ Mvchduicdl Kn^incer 

«AVw Yurk* 
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' Let's Go Metric' ' \ 

• How much longer will the English-speaking peoples, who pride 
- themselves on their contributions to human progress, lag behind 
the rest of the world by accepting an antiquated, time-wasting 
and cumbersome system of weights and measures? 

English weights and measures have come down from primitiN C 
times by a. process of unregulated development, resulting in trou- 
^esonie inconsistency as between various units and groups of 
units. In the English system there is no one common relation be- 
tween the units of weight, size or capacity. This lack of relation- 
, ship adds much labor to numberless calculations, particularly as 
» ^quantities are frequently expressed in terms of tvvo or more units; 
"such as feet And inches, or pounds and ounces. Only during the 
'^present century drd the decimal come into its own. The Table of 
Decin\al Equivalents, though essential in manv engineering cal- 
culations, has been a pain in the neck to manv a busv man. 
The metric system, first adopted in France in 1799, has since 
. been adopted by all nations except the United States and the 
British^ Empire. It has abundantly proved its superiority and 
time-saving qualities in all fields, including those of industry and 
engineering. 

The Metric Association has inaugurated an aggressive cam- 
paign to place tiie United States on a metric basis. Dr. J. T. John- 
son, the association's president, states that a flood of imjuiries and 
comments on the metric system has been conu'ng from business,, 
engineering, and industrial groups which in past have been 
more or less indifferent to a switch to metric weights and measures 
because they feared the cost of such a change. 

In a chang(»o\*er from English units to metric, some confusion 
would doubtless result. Tlunv would be a period during whicli 
both syst(»ins would us(»d; until the* nu»tric in geMUTal practice 
supersedes thi* Eugli.slu I lowe^ er, , the' period of* di.sadvantage 
would he only t(Mnporary — a niatteT of a few \ rar.s — while the 
benefits of the nu^trie systiMu would hv perniauent. Not to be 
o\erl()ok(*d among tlu^e is simplification of nian\' matters in con- 

* R(»priiitv(l fnun Itulustriul lm})nivcnient, Jtily. 19 Ki, by p(;jnni.ssion. 
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nection with commerce with nations where the metric system pre- 
vails. < .J 

If a change to metric practice is e\-er to take phice in the United 
States and in British lands, this immediate postwar period ap- 
pears to be most favorable. A large number of Americans, in in- 
dustry as well as the armed.forces, have perforce become familiar 
with metric measures. 

We quite agree that "now is the time." • i 

Proposal for Adoption of the Metric System 

OHIO \'ALLF.Y HAIIDWAIIF. AND ROOFING COMPANY 

Your editorial in the July 1946 issue-of Industrial improvement, 
entitled "Let's Go Metric" is certainly deserving of praise. It 
seems to the writer that it is high time that weUscard our anti- 
(luated standards of weights of measures, and the writer would 
jaho like to see the adoption of the centigrade thermometer and 
the twcntv-four hour clock, to further coincide with thi rest of 

the world, i o r 

As the metric, system has been legal in ti\e United States tor 
numv vcars we wonder if the problem is not iargcly one of devel- 
oping 'a program for the abandonment of the old English stand- 
ard. For example, a program such as the following might tond to 
reduce the shock of such a turnover, and result in much less ob- 
iectirtn on the part of those wlio fear the cost of such a change. 

Step I. At a given date, announced montlis in advance to re- 
duce confusion, the old English standards l)ecome illegal on phar- 
nuiceutical, scientific and allied items. This step would involve 
Init little confusion. 

Step IT. At a second given dafo the old English standards can 
become illegal on all items of groceries, food stuffs and allied lines 
of consun^er goods. 

Step III. At a third given date the old English standards could 
become iUcgal on items of basic raw materials. This would in- 
clude such items as steel, hunbcr, coal, oil and similar hues. 

• Letter to S. J. Borchcrs, Editor of Industrial Improvement. Qimtrd hy pcrmis- 
sii 111 of linger K. Becker. 
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Step IV. Most diffivult step will be the changing, over of real 
estate , transactions to the metric system. This can come last. 
This step will probably require some time, but if after a certam 
(leadline (1,1*^* all deeds and documents of record are required to 
use metric de^scriptions. Confusion should be reduced to a mini- 
nmm. , . . 

We (piite aurec that now .is the time to get started. 

Roger K. Beeker 



\.vi s Kbiniiuitr Fractions* ^ ^ 

\ ^ C. J. ARNOLD 

\V\: AHF/now using two separate systems of measurements for 
weight, length, volume, and temperature, when one system is .all 
'that is necessarv for. carrying on any or all of our activities. Why 
should we bo burdened with working with, and learning and 
teaching, two systems instead of only one? 

This situaticm has existed for a long time and will continue to 
exist so lo'.ig as those who occupy positions of leadership in the 
fteld of eduQation fj^il to act. 

The (\xplanation for this lack of action is in all probability due 
to t\\v fact that we ha\ (? grown up with it and, therefore, have ac- 
cepted it without ((iiestioning. We inherited one system, the 
KnglYsh system, and the other, the metric system, h.as come in by 
slow dei:re(*s.. W'c will have* to admit that som?one with the 
proper xisiou along the way couldo have prevented the present 
situation. Thomas Jefferson did it for us with our money systcMU. 
Wliv eoiildn't th(M'e have been someone to give us a simple and 
modern s\ st(Mu oi measuremcMits? Think of all the difficulties it 
wouhl ha\c^ saved us today. Hut there wasn't anyone, and so it 
is up to us t(Khi\' to correct the situation. 

We find ours(*lv(^s using two svstenis of m(»asurenu»nts when 
()n(' is all .in\h(Hly needs. We should get rid of one the other, 

ii«jinnli .i !i «m llir A/in/irv. Ji'Ht){fil of ijlnnitit^n. M.in li. HJ U\ 1»\ [mm mis- 
si' 'U « '1 till- |>iil>ll^ln ! ^ t 
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pTohlrm I. I'ltiiilisJi Mcasurrmcnts. Fi!\cl tlif voluirif in cubic foot i)f u tank 
4 tiTt 7 U) itu lu's U>ng. 2 hrt 3 5/32 iiu hcs widf, ami 1 Uh)i 11 3/4 inchfs 

deep. 

liv simple nuithcinatics wo can ^figure thiit it will take twice as 
louLj to learn (or to teacli) two systems of measurements as it 
cl()(^s to learn one, assuming of course that they are both equally 
(lifFiciiIt. lint tliat is not all, for in addition to learning two sys- 
tems we nuist learn ecjuixalents in order to be able to change the 
units of each system into the units of the other. This means that 
we haie nuuU» this part of schooling at Unist four times as difficult " 
as it need \h\ to sav nf)tliinii of the added confusion to the learner. 
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Pmhlrm //. Metric Measmrcmvnts, Find the volume in cubic meters of a 
tank 1 v\vU*r 45 a*iitiinoters 89 millimcttTS long, 68 centimeters 98 milli- _ 
nietrrs. wide, and 60 centimeters 33 niiliiaieters deep. The -iwititor shows 
ht)w nnich more time is in%(jlved in iisui^ Eitgllsh measurements than in 
UNinj; the metric system.* Note the-check section above, proving the equiv- 
alt-nc V in the answers. In actual practice, metric measurements would usu- 
allv he taken in only one unit: Find the volume in cubic meters of a tank 
145,89 centimeters long, 68.98 centimeters wide, and 60.33 centimeters deep. 
In this case, tlie solution would be still shorter and would involve only the 
computi^tion sliown directly to the left (j£ the check above. 

Efficicncv in Education and in Living demands that we get rid of 
one system orjthe other. 

It iuis been estimated that apprc.dmately twenty per cent of 
the time of the average student is wa.^ted because of this situa- 
tion. Hovv can such needlesf waste of the student's time and 
energy be justified in this so-called progressive day and age? How 
can we justify the wasting of the teacher s time in such needless 
duplication? 

If there are any doubts in anyone s mind, let him consider the 
case of iligh School Physics. When one goes through the text- 
hooks, it will be discovered that approxinmtely forty per cent of 
the work of learning this subject, as now taught, would be elimi- 
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luitcd I)v uslnif oiilv one svstcni of lucas'iiremoiits. Ohcck o\ ov tlio 
prohlcMMs the NtucU'iit is asked to wofk, aiul the* percentage will 
be fouiul to l)e even higher, tn every unit the student studies he 
is confronted witli tlie same dual system — lie has to learn the ac- 
celeration of gra\ ity in feet per second as well as in centimeters 
per second — lie has to deal with density in pounds per cubic foot 
as well as in grams per cubic centimeter — he must know how to 
change F'ahrenheit tc^mperature readings to centigrade readings 
and \ ice versa — he nuist use BTU's as well as calories, watts as 
well as Horse Power, and so on ad infinitum. All this duplication 
of work would be eliminated, and the time sa\ ed could be used' 
to nmch better ad\antage in studying the man\ new develop- 
nients ija-thi^ field. What is true in high school ph\sics is true in 
^trfymg degree for all die sciences, and for any subject that has 
anything to do widi measurement. 

The first step in the sohition of this probh^m seems self-(*\ ident. 
We nmst decide to keep one of the systems of measilrtMnents now 
in use and discard the (ither. Our sohition is not the adoption of 
the metric s\ st(»m, as some have said. We ha\ e already done this. 
C'ongress legalized the metric system as far ba^k\is 18(^6. In fact, 
it is our basic standard, and interestindv enoueli most of the 
English units are defined in terms of the metric standards. We 
must get rid of one of these systems, and aft-er we ha\ e weighed 
the ad\'antages and disad\*antages of each system tluM'c secMns to 
!)e but one correct course of action — the elimination of the obso- 
lete and complicated English system. 

Moreover, the elimination of the English system would sim- 
plify our teaching of niathematic\s as much, if not more, than it 
would the teacliing of science. This is because- the English sv.s- 
tem is a "fractions" system while the metric syst(»m is a decimal 
syst(*m. When we (hscurd tlui EugJish s\stem wc will for all prac- 
tical j)urpos(s ha\(' eliiuinatc^d "fractions^ as such, from duca- 
tioii. 'I'iu(\ we will still use fractions to express relationsliips in 
fornmlac and to indicate di\ision problems, but f)therwise frac- 
tions will prett\* much disappear. 

Vwu those who follow niark(»t ([uotatif)ns will find the ''tentir 
in <lceimal form more adaj^tabli* to their .leeds than tin* fraetiolis 
now used. And the luaehinist n-jll fin<l it easier to use the d(*einial 
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SN'stem than his present measurements in 1/16, 1/32, etc., of an" 
inch. Even now the machinist is £prced to turn to the metric 
method whcMi he wishes to niuke fi^ie measurements. 

The ahohtion of the EngHsh system of measurements of weight, 
lengtlu \()hnn(\ and temperature caii be justified in many other 
ways, hut as far as the educator is concerned the resulting sim- 
pHfication of (education which it would bring about is ample jus- 
tification, doming generations of children should not be con- 
dennied to waste precious hours of time and energy working with 
an obsolete* and dual system of measurements. 

SlmlUVe Cling t() the Inch?' 

FHKI) n. COLVIN 

After a lifetime onjhe other side, Mr. Colvin 
?s changing his mind. He prescMits some of 
the arguments for the metric system and some 
of the problems 

With all the commendable work that has been done in simplify- 
ing as well as standardizing machine parts, we may he ai>[)roach- 
ii\<l the time* when we nuist seriously ccmsider a very controversial 
phase of the subject — the basis of our pleasuring units. Only men 
past middle age probably recall the bitter battles attending earlier 
attempts to ha\e the metric system made thebtwrrn measurement 
innl to compel its nse in all government s^jp][)lies/ Frederick A. 
iluls( \\ backed byTITb entire machine-tool i^histd)', fought, both 
in ihv columns {A Atnrrican Macliinist and in Coygress, for reten- 
tion of i\\v Kmrlish standards. iSi^d J. Miller, l/\ Stratton of the 
Bur(»au of Staiulards, ami others argued the advantag(*s of the 
nu^tric svsttMu, but v r(* decisively defeated. A second attempt, 
in the earlv piu^t of tlu* ciMitury, also failed. 

But in spit(^ of all our logic as to the advantag(\s of the English 
inc h as the* basis of nieasnreuu^ut in machim^ building (a:id it is a 
most c()n\ anient mot when sululivich^d into fine decimal parts). 



° Hi-prmfid triMii tin- \I.irJi 1\ 1^)47. iswxc Ann licnn M(n hini\t \)\ ptTmissinn 
lit tlir |)l^l>li^ll<•r^ ailll 1)1 l**rrtl If. (!i»l\iu. 



^1.54 ' " THE METRIC SYSTEM 

the metric tinils have credit into our shops as wdl us into many of 
oin- hihoratories. For this kind of Nvork, the intev-related units ^ 
the metric system have many advantages, even though it is a for- 
*(Mgn language to many in strictly mechanical fields.* 

(ireat Britain, tlie home of the English system of measurement, 
long ago l)egan to use millimeter sizes for its British Association 
♦ screw thread, hotli for diameter and pitch. (This should properly 
he called "l(»ad" hecau'se ft is the distance l)etween threads instead 
of the number of threads per unit of measurement,, as in tlie Eng- 
lish s\stem.) In ^dd\tio)i, thi,s thread has the unusual angle of 
47 1 2 , tliis h(Mng developed by Prof. Thnrg of Geneva for the 
Swiss watch industry, and has also been used to some extent in 
tliis countrv by watcli.^faetories. 

Watch and instrument makers in the United States are also 
using, and standardizing,-, a systeh^of screw threads with diame- 
. ters, threads and tolerances in niillimet(*rs, with tr^inslations into 
inclus. Motor-car and aiq^lane-engino builders are using spark* 
plugs witli metric threads, new standards.now l)eing announced 
il)y tlu» SAE. Some Britisli automotive builders are also using 
!ii(*tric dimensions in other parts of their engines and possibly^ 
(»lsewher(\ this presumably in tlie interest of Continental aiicl 
otIuT trade. And look at our ball-bearing dimensions! 

\Vc fornuM-ly boasted tliat as long as Britain and the United 
Stat(\s adhered <() tlu* English incli as a l)asic measurement, it mat- 
t(M (»d' Htll(» wluit the rest of the world used, as our two cotmtries 
built th(» ureat majority of machine tools and otiier machine ecjuip- 
nient. With l)Oll' (iri»at Britain and oursebes using more and 
luort* of the metric units, our arguments as to the sup(»riority ol 
inch mrasurcnuMits art* b(\^inning to fall rather flat. 

woai.n ruKKKiu'.NCK 

W e are still lh(^ world's largest huildeMs of production macliin- 
t'r\ and art' V\kvW to remain so. But with tlu* unmistakable trend 
towaril metric measurciiuMits, it mux he wise gi\'e tlw matttT far 
!iiort\ careful cnnsidiMation than w(* have done* in the past. Tliere 
WW few countries on the globe which are not, theorc^tically at 
l(»ast. on a metric basi.s. 
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There seems to be no vital reason win* we should have adopted 
metric spark plugs in our internal-combustion engines. It would 
have been easy to make a similar plug of almost the same dimen- 
sions to inch rneasurementjj.. By adapting the metric we ga\ e the 
mljgpates of that system one of the best arguments for its general 
use. They can say, and with logic> "Why not use the same sys- 
tem on the other [iarts and a\ pid the confusion due to having 
two standards of measurement?" Perhai)s the greatest argument 
would be that of making it easier for us to capture a larger share 

• of foreign markets. The smaller manufacturers of other countries 
now find it e^isier to secure orders from abroad than do ours — 
l)ecause other countries use their standards of measurement. 

This is a problem that requires long and painstaking study; it 
is a serious undertaking to change from one system to another. It 
is not a mere matter of translating from inches to millimeters by 
nudtiphing by 25.4, the accepted couAersion relationship. Th(* 
achiaf ratio nins into aT()ng decimal which cannot he droppc >dif 
agqirate tolerances are to be maintained. In fact, many consider 
the acceptance of the 25.4 ratio as altcMing th(^ standard. 

N'F.W nHAWi\(;s 

Should it he decided to take the drastic step of abandoning the 
incfi for tlu^ metric svstcMu, most manufacturers will doul)tless 
prepare new drawings, gi\ ing dinuMisions in e\ en millimeters in- 
st<»ad (;f trying to liandle dimensions with a long string of deci- 
mals. The iww drawings need not be materially different from 
thosc^ now in use and can maintain nearly tlu^ sanu* proportions, 
but it will mean new drawings, new fixtnrt\s, tools and gages and 
run into millions. Whether it will be worth the cost or not de- 
pends on how much new bnsiness may result, or even liow nnich 

• of th(Mr old business can be retained without it. 

It is not a c[n(\stion of tlu* r(^lati\ (* nuM'its of (Mt!i(M* sy.sttMu. That 
louls to endless and larg(*ly fntih^ argnment. Tlu* problem is 
ratluM' whether it will pay to hixw a uniform system of measure- 
ment not onl\ for its effect ou trad(\ but also to prc^xcnt loss and 
confusion due to ha\ing two s\stenis in use. 

.\or can we rely too nuieh on logic. W'v ha\e a periectly good 
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decimal curxency, coupled with a system of weights and measiiros\ 
that is illogical and confusing. Britain is using the metric or deci- \ 
mal system more largely than we are^ but clings to a currency as \ 
illogical as .our pints, rods and chains. 

> 

In Fa\ or of the Metric Svstem 

JOIIN-KUCRAN 

I HAVK hmg been furiously in favor of abolishing yards, feet, 
inches, gills, hogsheads and th6 whole hodge-podge and clap-trap 
collection of cluin.sy units and improper fractions thereof that we 
call our "systqnr of weights and measures. I'm all for the sensible 
decimal or "metric,** system.^ 

tfn answer to a letter ofjune 27, 1946; from J. T. Johnson, Presi- 
dent of the Metric As^sociation, Mr. Kieran said further: 

Fm sure we will have to come to the metric system before long, 
l)ut I hate to see us trailing where we should be leading. 



Reports 

A Siirve) on the Use of Metric Measures^ 

. J. T. JOHNSON 

'i'uK ({uestion ol: using metric measiu-es in this country has been 
up for consideration from tin)c to tim^Jn our history. At different 
p( riods it has been del)uted pro i\i\d coiVin various newspapers of 
the country. Metric bills have l)een befoiSc Congress, the last one 
appearing in 1926. At that time over I0!5,000 petitions urging 
metric adoption had been sent to the Coligress of the United 
States. i 

' Hcprinti'd from This Week Mugaziiie, April 16, 1944. Copyright, 1944, by the 
Liiiti'il .\fwsp.ipors Magazine Corporation. By pemnssion of the publishers and 
of John Kifr.iiK 

Hoprintod from Official Report, 1936 Meeting of American Kducutional He- 
stMrch Association, St. Lonis, February, 193G. 
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TIIE QUESTIONNAIRE 

To get more recent information as to current public opinion on 
this question the writer prepared the following questionnaire, 
which was <sent to some 650 manufacturers, engineers, doctors, 
and educators duririg 1936: 

1. Do you believe it- would be of ultimate advantage to the United 
States to use metric weights and measures 

<i. in manufacturing? Yes No 
«i h. in buying atid selling? Yes No 

c. in trade with other metric countries? Yes No 

£/. in the t'lementar>- schools of the. United States? Yes No 

2. Do vou belie\ e that if the United States were given ten years in 
which to make the chanjge, the adjustment could be made with- 
out any great inconvenience 

a. to the manufacturer? Yes No 

b. to the buying and selling industry? Yes No 

c. to foreign trade? Yes No 

d. to tlie elementary schools? Yes No 

3. If you are fa\orable to making the change, do you think the best 
'wiiy to effect the change is 

(I. throMifh govefnment legislation? Yes No 

thr^fgh education and use in the schools? Yes No 
c. through both a and h above? Yes No 

It will 1)0. noticed in Table I that the highest percentage (94 
per cent') of tire favorable votes in any column is under 3 h, which 
deals with the (question of education and use in the schools. That 
this is not due" to the influence of the educator-group is brought 
out l)v the fact tluit when the manufacturing gnnips alone are 
considered the total vote on this same item, 3 h, is; yes, 91 per 
cent; and no, 9 per cent. 

It should be renuyubercd that Question 3 was supposedly to 
ha\ e bec-u answerecT by only those who fa\ ored the cause, but 
what actually happened was that many who had answered nega- 
ti\ elv on the other items under Questions 1 and 2 expressed their 
opinion bv answering also items under Question 3. 

WluMi the four items under 1 arc taken together, the vote is: 
\cs. SO per cent: and no, 20 per cent. NMieii the four items under i 
2 arc taken together, the \()te is; yes. 75 per (•<-nt; and no, 25 per 
cent. 'I'be items under Question 3 cannot \er\ well hv taken to- 
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getluT. The siumiuiry by groups (Table II) shows a more inter- 
esting result. 

Taking the al)ovc group as a whole and also the rf;sponses of 
sovt'ial individuals who re ihod favoral)Iv 1)V letters, the ratio of 
tlie yes to no \ ote is about four to one. Among the nuuiufaeturers 
alone tlie ratio is about two to one. Among the educators it is 
about ten to o\^ie. Among the doctors* and engineers it is unani- 
mously in tuvor. 

It is not contended tliat the above results tell the complete 
story of pnl)lic opinion on the metric question. Because of lack 
of facilities to canvass all groups, representative groups were se- 
lected. For fear of not getting a true random sampling the follow- 
ing groups who may have been unduly weighted towards favor- 
able reaction were purposely left out: the mathematicians, the 
physicists, the chemists, the various science groups, the pharma- 
cists, the druggists, and the physical education groups — all of 
which groups are almost uui\ersally iii favor of metric measures. 

That the 391 maniifacturers circularized represent a random 
sampling of manufacturers is (|uite certain in that the 189 mis- 
cellaneous group of manufacturers who were circularized in the 
spring of 1936 gave returns similar to those of 202 manufacturers 
who were canvassed later in the fall of 1936. The results from the 
former group were: yes" 69 per cent; no, 31 per cent. The results 
of thv latter group were: yes, 64 per cent; no, 36 per cent. It is felt 
that .the manufacturing group is the most important group as it 
gave the most opposition to the metric movement when the last 
bill was up before Congress. The greater number of question- ' 
naires was sent to that grourr 

It is ijiteresting to note *om the tal)le that the unidentified 
Uroup whosr individual names could not J)e identified from the 
firm iKunes which were canvassed gave a])out the same result as 
t\\r uroup as a whoh*: yos, 77 per cent; no, 23 per cent; whereas 
the wh()I(» gnnip ga\ e: yi»s, 77.6 per cent; and no, 22.4 per cent. 

TKIUCOtaCAl. PLICATIONS 

By and large it may be said that current opinion js in favor af 
metric usag(». Since some fifty-five countries of the world are on 
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Table L Total Yes and No Responses on 
Each Item in Questionnairi^ 

1 

a . b c 
No Y»^s No Yes No Yes 

Number of responses , 32 105 33 103 15 116 
Per *ut of total . 
responses : 23 77 24 76 U 89 

2 

a b c 

No Yus No Yes No Yes 

Number of responses 46 78 41 85 17 107 
Per cent of total 
responses .37 63 32 68 14 86 

a 

a b c 

No Yes No Yes No Yes 

Number of responses 16 46 3 51 9 84 
Per cent of total 
responses 26 74 6 94 10 90 
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d 

No Yes 
29 105 

22 78 
d 

No Yes 
20 108 

16 84 



Table IL Distoibution 



Manufacturers 
Die and foun(^ry 

Can 

Electrical . ^ . 
Miscellaneous . . 
Autoihohile 
Chemical 

Total manufacturers 



OF Yes and No Votes on QuESXioNNAmE 
Hv Choups 



Number of 
Questionnaires 
Sent I^eceived 



Number of 
Replies 
Yes No 



Educators 

iSuperiuteiuleTits of , 

schools 
University presidents 

Total educators 

Doctors 
Engineers 

An unidentified group 
Grand total 



Per Cent of 

Replies 
Yes No 



29 


11 


25. 


49 


34 


66 


a5 


12 


48 


40 


55 


45 


54 • 


19 


69 


46 


60 


40 


189 


38' 


209 


95 


69 


31 


28 


7 


30 


11- 


73 


27 


56 


14 


101 


7 


94 


, 6 


391 


101 


482 


"248 


66 


34 


100 


26 


185 


24 


88 




100 


32 


27;3 


19 


94 




2(K) 


58 


458 


43 


92 


8 


12 


6 


34 


0 


100 


0 


16 


4 


37 


0 


100 


0 




10 


70 


21 


77 


23 


619 


179 


1081 


312 


77.6 


22.4 
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;i metric l)asis, this being true of all of the important countries cx- 
-cept those of the United States and the British Empire; and since 
the standard of length in the United States is the meter, it is 
• thought advisable to acquaint the young student in our schools 
with at least the meter and centimeter. This will cause no hard- 
ship on the school as these measiues can be put into.c\ ery class- 
room if they are not already there. 

An illustration may strengthen the reason for this belief. 
, In a report recently giN:en by Charles F;. Brooks, professor of 
meteorology at* Ilarwird Unixersity, it was stated that in an avia- 
tion school in the East the students were gixen the heigbts of 
their ceilings in meters and. speeds in kilometers. The students 
reported back tliat they could not think in terms of meters- and' 
kilomc^ters. As a result, the heights and speeds had to be givens 
in yards luid miles. Because these men had not been given the 
simple information about the metric system tbey had to- take a 
backward step to the old system when the simpler system could 
lia\*(^ been adopted by them. 

Someone may ask, *AVhat are the advantages of the metric sys- 
tem over the present system in use in this country today?'* 

There are three distinct advantages of the metric system. For 
the sake of completeness they will be re\ iewed heS/briefly. 

1. SimpUcittj, When we compare our fifty-three concepts and 
t(M ins with which we ha\ e to become familiar in the English sys- 
t(Mn of weights and measures to the three simple terms, tnctcr, 
liter, and (^ram. wbieli constitute tlu) metric system, this advan- 
tage is at once evident. 

2. lacrimal division of it.s units. This advantage is so great that 
it has, to a certain extent, been adopted by the English s)'stem. 
*l1u' fact tluit mechanics has decimali^^ed the incbfengineering 
has (lcc iuiali/(^d the foot, and ayiation lias decimali/ed the niik\ 
is r\i(lcuce. \\\^ read in tlie daily paper that the a\ (M'age rainfall 
was 0.6 iuchcK. that (.\iiro has a 59.7 foot tide but refuses to worry, 
and that the a\ eiag(» speed of a trip by air was 189.43 miles per 
hour. 

The a(l\ lUitai^t' of this principle iuluM'(Mit in tla* metric sxiiteni 
was broiriiht out in an actual (\\[)eri(M]c(^ rc^centK' iu a sexenth 
grade ro'onj o( a /Chicago scliool. The class was studving areas, 
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unci 111 oilier to get firstluind experience it was. measuring the 
length aiul width of the blackboard. The dimensions came out: 
I ■ 12 feet 8 inches, and w — 3 feet 11 inches. The teacher -did ♦ 
not know whether it was better to change all dimensions to inches 
or to feet and fractions. Either she^ould use 47 X 152 and call 
the answ.er sciiuire inches and then change back to square feet, or 
she could use 3 11-/12 X 12 2/3 and get the answer directly 'in 
s(|nare feet. The writer has seCn many teachers use the latter 
method in this form, 47/12 X 38 3, getting the awfu^fraction 
(improper!) 1,786 36, then dixiding to get the final result. 

Hither method i.s clum.sy and never used by an intelligent adult. 
'I'Jic tcnicher in (picstion luid some knowjedge of approximations 
in nu'asnrenicnt and got around a. big difficulty by writing each 
dimension', in feet and tenths as 3.9 X 12.7 aiuT obtained u close 
ciKuigh approximation for all practical pur[X)se^, 

Had the students in this class been enableA to measure the 
dimensions directly in units and tenths, they would have a\ oided 
another operation in this problem, that of changing the fractions 
to eciuivaient decimals. This \ ery facility is offered by the metric 
"sNsteni in that all of its imit.'S are dix idcd into tenths right on the 
instnunent with which one mea.snres. 

All measurements are approximate, and the approximations 
(U"peiid upon the degree of accuuicy witli which one wishes to 
measure. Degrees of accura^^y av" measured in terms of signifi- 
cant fi'um-es, and siunificaM figures can be ascertained in terms 
of (U^ciuKils only. Tliere .are many rc^isons why decimals should 
1)0 used in pn^feience to eoninion fractions. • 

3. TUc inlrrrclation h.ciurrn (he units of lcn<ith; capacity, and 
icciiiht — Tlie tliird advantag(\ tliat a unit of capacity sliall lm\'c 
nnil diuicnsions and shall ha\ (^ a corresponding unit of weight, is 
illnstrated hv the cubic centimeter of water, which wciglis exactly 
1 urani. Tliere is no such correspondence in the English system. 
One cubic fotjt of water does not have a corresponding unit of 
wtM'ght: the best we can say is 62.4 poimds. This causes much 
computation^ hen one finds weiglits of tanks or boxes filled with 
certain cf)nnn()diti(^s when dimensions are gi\en in the English 

S\NtiMU. 

The writer is of the opinion tliat die student in our schools has. 
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tile right to find out that there is such n system as tlie metric sys- 
tem and what the advantages of it are. lie lias this right just as 
much as he has the right to hear. beautiful symphony uuisic, al- 
though tluit is not the music of the stage or screen. He has this 
right just as much as he has the right to clu\racter training that is 
sanctioned by the best society, although many acj^ of adults do 
not carry out what that training teaches. 

The student in the sixth grade can be made centimeter-con- 
scious without any eftort. In fact, he enjoys it. All he has to do 
is to look at the other edge of his ruler and use it a few times. It 
is much easier to nieasiire to the nearest centimeter than to the 
nearest half inch, tn the se\ enth grade he can become conscious 
of the meter and use it in mea^iring distances and his own height. 
In the eighth grade he may be made kilometer-conscious, ^'each- 
ers will have to become metric-conscious first. 

A word of caution is apropos here, since the method of teaching 
the metric system in the past missed its mark entirely. The stu- 
dent should never be asked to convert a metric measure to an 
Enghsh one or \ice \ersa. This will never show him the advan- 
tages of the metric system. That was the mistake of the past. He 
should do the computations directly in the metric systfMU itself 
and thus learn its simple computations of merely shifting tlie 
decimal point to the right or left. This has the same benefits as 
learning a language tlk^ direct method. It is much better to 
learn to think in French than to first translate the French into 
•English and then think in English. Likewise it is better to think 
in terms of centimeters auch meters than to first translate these 
into inches and yards. 

Whether y(ni believe that the metric system should be taught 
in the schools or not depends upon the assumptions upon which 
you hdsv your belief. Your assumptions depend upon your philos- 
ophy. H your phil()so{)hy is that of the status (|uo pcupetuator 
then you will not want the metric system in the sclujois If vour 
philosophy is that (^f bettc»ring the status (juo vow will want the 
children to know a])ont the metric svstem. Your philosophv is 
your own private affair. This artich* nuM(*l\' sets forth a point of 
view of a beliexer in tin philosophy of iuipioving the* status quo. 
And simplification is a nietliod of iniprox (Muent at the prt^sent time. 
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Uniform Weights and Measures* . 

The Council considers it desirable to promote unification of 
weights and measures throughout the Hemisphere on the basis of 
the metro-decimal system. It has not been possible to obtain such 
standardization up to the present because of the hold of the ^d„ 
• Spanish, English and Portuguese units, in spite of the official 
adoption of the . metro-decimal system in the ^Latin-American . 
. countries. 

The Council therefore recommencfs : 

That National Sections proceed to publish or have published 
the ecjuivalents of the weights' and measures of the metro-decimal 
^system with the traditional opes of their respective countries, as 
a means of facilitating the progressive apphcation of the former. • 



Newspapers ^ . 

* 4 

Metric System Urged for U. S.t 

Chicago, March 2% Two years of elementary arithmetic could / 
(^e eliminated from the grade-school program if the United States / 
would adopt the metric system of measurement, according to/ 
Dr. J. T. Johnson, president of the Metric Association. / 
Dr. Johnson, who is chairman of the mathematics department 
of Chicago Teachers College, pointed out that textbooks now 
spend, three times as much space on conmion fractions as they 
do on decimals. 

"Fractions could be almost completely disregarded as a factor 
in arithmetic if the metric system were adopted," he said. 

"Instead of the present system of pounds, feet, inches, rods, 

■• Rcprii)tf.-(1 from "Polifies Adopted by the Second Plenary M>eeting^ of the 
Pemiaiu'iit Council of Aiuerican Associations of Commerce and Production," Wash- 
ington, 1). C.. M.iv, l!J-}4. by permission of the 'Unitod States Iiiter-Anierican 
Council. , . , 

tRep.rint. d from the Seattle Times, March 24, 1940, by penuission. of the 

publishers. 
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acres, and the \arious other unit designations now in use, we 
would have only three tmits to worry about, Everj thing in* the 
system is based ou tlie meter, the hter and the gram. The whole 
thing can be taught in a few hours to an eighth-grade pupil/* 

Dr. Johnson said that nearly ever\one is in fa\or of adoption 
of the system after he finds out how simple it is. 

"In the measurement of length, for instance, the smallest unit, 
tlie millimeter, and the largest, t^te^<t^omoter, are based on the 
standard mctt^v To comert fn^m one to the other, all you have 
to do is move the decimiil point. 

**It's a different stor\*, thouijh, when vow trv to convert inches 
into miles or rods." v 

\loTe than 75 per cent of the world s population uses the metric 
system now. Dr. Johnson said, and many American business men 
who carry on trade with South America or any other country in 
the world outside the British Empire luue to use metrics. 

*The American Medical Association and m(;st pharmacists use 
the system because it is nmch more convcuiient/* he went on, 
frcrthe issue is not between use of the English s\ stem as opposed 
) th(^ metric. W e use both svstems now. 

*The question is wlu^thcr we are gniiig to continue^ using both* 
or adopt th(\oiu* simple syst(Mn.". 

W ar and tlic^ Metric Systcnr 

"ruis isn't precisely a new editorial, so far as this pa[)er is con- 
cerned. \Ve\o run sii])stantially tlu* same editorial once or twice 
before; mayl)c oftcner. Hut its alwavs a true editorial, and if 
enougli other papers and private citi/(Mis all oxer .America would 
rt^peat its su]rstanc(^ often enough and loudly enough \\^ niight 
aehicxe sonu* inip()rtant progress. 
* 

uk<:konl\(; by niu im.m.s 

Tliis owe is ahout the mc^tric syst(Mu of weights and uu\isin*es 
and how seriously we need to adopt it, at ihc same time tying the 

* C.".itirii-NV nf Tin' Xeii'S, Now York's tiin» Nrwsj);ijH'r» Dri t niluT 20, 1911. 
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can to our present niismcsh of feet, pounds, quarts, statute miles, 
nautical miles, acres, siiort tons, long tons, and at least tliree kinds' 
of ounces. • z"^' 

As sevrral millions of us find every time we get into lu^r and 
run into the metric system used by many other colnitries, the 
nu'tric system is far superior to the system to which we and the 
British cling with such pride aiid tenacity. 

In the metric, conception of weights and measures, everything 
goes u[? or down by tens — a true decimal, system. All measure-' 
ments of length iind area, and all volumes expressed in line meas- 
urements arc btisod on the meter; all measurements of mass, on 
the kilogram. 

W'c ail know how simple it h to count U. S. money. This is be- 
cause we reckon our money by a decimal s\ stem. We cuuld meas- 
ure exerything else — distances, areas, weights, volumes, of all 
kinds— with eq^ual l-ase and simplicity if we would adopt the 
nu'trie system. 

A beginning was made toward U. S.. adoption of metrics in 
World War I. Nhmy American fighting men in France were im- 
pressed with the metric system's scientific si npi-dty, and learned 
liow to read maps with metric scales. 

Since then we have adopted metric measur-. n-.- ti- for some of 
our Arm\ gtms— 55-millimeter, 105 mm, 155 nuA, -^-^d so on— and 
that Ls all to the good. The Na\y, however, clings to its 6-inch, 
S-inch, 16-ineh, etc., guns. Metric and inch ammunition not being 
interehangeable, it is interesting in a grisly sort of way to imagine 
what iu.i;4ht happeti some day if AiTny and Navy units were co- 
operatiii'j; in some srrious fracas and one or the other happened 
to run out of annnunition. 

I.KT's CO MKTIUC; 

W'hv not grab this opportunity foi change and improvement 
wliieh this war prc.-scnts, ard get the United States well started 
4urin<j; tlie war toward general adoption of the metric system for 
hotli civil and military activities? 

'Hie C;o\-ernnient could contribute a husky push by requiring 
th.it .ill sijecifications in war supply contracts be stated metrically; 
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and another hy using the metric SNsteni gcneraUy in the training 
camps. It could al.'.o require that all its blueprints for big pubhc 
works pvttjects after the war b? stacted ill metrics. 

With 10 or 12 million of our most vigorous young men ac- 
quainted with the metric system and its ad\ antages o\er the old 
one, the whole countr\'s conversion to metrics oughi to follow, 
fairU fast and we'd havc gained one ad\autage, at least, out of . 
a war which s not Net promise to yielcTus many ad\ antages. 

In measuring ^temperature, we are behind tli^e times, too, .so 
long as vve clii^'^ to the Fahrenheit thermometer, with its placing 
of tiu' freezing point of water at 32 degrees, o( normal human 
bod\- 'mperuture at 98.6, and the boiling point of water at 212. 

SCIKNTIFIC (:K.VrK;KADK 

Not th. .)lcl Dr. Gabriel Daniel Falnenbeit (1686-1736) of 
Dan/ig \\\k..a\ a trne scientist wlien lie invented his thermometer; 
hv was. He put his yxw tcmpcMHtnre at the lowest degree* of cold 
obtahuihlc with a freezing mixture of ice and salt, then divided 
tlie, difference betw(*en this temperature and human body tem^- 
pcTatnro by 12, and later by 91). Tluit made freezing temperature 
come out at 32 and boiling at 212; and the* whole performance was 
good scientific procedure for t\ihrenbeit\s time. 

His tinu* was a lonu; tinu* ago though. Now we have tlu^un- 
pie, coldly scientific decinml tliermonuicT that goi^s by th(^ name 
of c(Mitigrade. It calls water's fr(*(*/ting point zero, and its boiling 
point' 100. I.tviivg in an vnx of sci(M)C(» and priding oursclv(\s daily 
on san)(\ it S(»enis passing pc^cnliar that we don't adopt tliis scien- 
tific thermometer along with the rest of the mc^tric system. 



\\ v Could and Should Adopt i\w Metric SystcMii'' 

\Vh f on.n and should adopt THK MKrUlC SYSTEM of weights 
and measur(\s as standard for lh(* ruited Stativs, and W(» should 
throw out t'ic fo()t-pound-({uart systeu) ms fast as feasible. 

? CourU-sy of The Xeus, Now York's Pichiro Nrwspupcr, J.muary 1, 1946. 
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Our present jiuiihlo, iiilioritv-vl from England, of •^ches, feet, 
yards, miles, onnces (troy and axoircljLipois), poundj^, tons (short 
and long), pints, ((niuts, fifths, magnnms, jeroboams, cubic inches, 
cubic x ards, pecks, bushels, etc. is just that— »i ntastic and un- 
scientific jumble. 

In opposition to that jumble since the year 1790 has been the 
'metric system, worked out by French Revolutionary scientists, 
and now in use throughout most of the world except the United 
States and the British Empire. Even in the English-speakhig 
countries, the metric SNStem is widely used b)' scientists and in 
certain industri(\s, and to some degree by military and naval 
men. 

MKASLIUNC; BY TENS 

\ 

The metric swstcm is a decimal system, meaning that it proceeds 
up anc} down by lO's. just as our mouthy d^Hvs. This simplicity'ex- 
tends through all kinds of measurement — distance, length, vol- 
mne, weiglit. Tliere is n() ^M(»ss\vork about it. Ten for some rea- 
son — ptM'hUps becan.s(» normal persons iia\e 10 fingers — is the 
easiest figure for most p(*ople to use in nuiltiplying or in divid- 
^ing, 

\ To round out this reform, we should also adopt the centigrade 
t!VermotU(»l(M\ which is a tiue metric tluuiuometei. It starts at 
/(MX) as the frtHV.itn^ point of water and proc(*eds to lOO-as waters 
boiling point, rather than from 32 to 212 as on the old-fashi(nied 
Fahrenheit. 

President Truman could start the N(av Year right by gathering 
totletluM' a comnnssion of scientists, teachers, military men and 
na\ al men to studv the \in'ious aspects of a giuieral Unitc^d States 
ehaniieov(M- to the metric systeu). and make reconhaeudations 
within ;i revisonahle time. (Congress and the assorted (io\ernmeut 
(lepartnients — espcH'ialK tlu^ Naw and War (l(*partm(*nts — could 
then stall the nietrie hall rolling in a eonecM'led and determined 
wa\ . 

H\ en«j:ineerin'j; siu h a n-fonn. tlit* President would do this g(Mi- 
eratif)n a ^reat scr\i< t- .uid sneeeedin^ g(*nei\itions ol Americans 
an e\en 'greater uiir. 
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To Press Adoption of tlie Metric System ** 

Groups in Science, .Education, Business and 
Industry iJack Cainpaign for America 

Chicago, February 16. Supported by scientific, educational, busi- 
ness and industrial groups, a nationwide campaign is contem- 
plated to put the United States on the metric system of weights 
and measures. 

Dr. John T. Johnson, president of the Metric Association and 
head of the mathematics department of Chicago Teachers Col- 
lege, said today that plans to extend the system not only to this 
country but also to Great Britain would be discussed at a special 
session of the association here next suz^mier. 

As at the end of every major war since France adopted the 
system at the end of the French Revolution, he said, a Hood of 
inquiries about it had conic. He recalled thai! Turkey, Japan, 
China and Russia accepted it in 1920-21 and pointed to its present 
use over the world except in the Unit(»d States and Britain. 

QUKSTIOX OV STKrS TO TAKE 

Menil)ers of tlie association are divided as to the best method 
for getting; tlu* nu*trie system adopted in the United States, Many 
advocate Com^ressional action, l)ut, because of the defeat of legis- 
lation in 1922 and 192P. oIIkms favor taking the cause to educa- 
tion executives of tlu* States. * 

Pointing out that t];e metric syst(»ni was legalized by Congrcvss 
in 1S66 and that in 189o the* inciter was made the standard of 
length for the l=nit(»d Stat(\s. l)ut tliat tlu* country as a,\vh(jlc had 
nevef adopted it. Dr. Jolmson said: ^ 

**Tlu» C»()\'(M'ii!nent lias done its part, and it has upWivi'vl control 
owv eduCiition. It is up to tlie States to put il over." 

" H» |>ri]it» il li.wu tin \rit ) i>rk iitui's. I'\ l»tiMrv 17. in in. j)i rnii^siun of llu* 
piihlishors. 
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If legislation wvw cU^fVatcd again, \\v vvaruod, it might take 
a generation tu educate the people on the values of metric weights 
' and measures. Regarding current* interest, he noted that many 
' • • of the inquiries came from iMisiuess and industrial organizations 
wliich had pre\ iously been averse to the changcNbecause of. its 
cost, \ . 
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Adoption of the system, he said, would eliminate two years of 
iustrnctiou in aiitlunetic and qualify school grad>Kfte.s for jobs in 
business and industry which apply it where decimals are used 
instead of f rations. 

On this poiiiK Dr. William II. Johnson, superintendent of Chi- 
cago schools, declared tjiat the metric system was better tluui the* 
i ;uu;lish because it was easier to teacli and to learn, it simplified 
luathenmtics with all figures in units of ten and contained a direct 
relation between weight and volume. 

The metric system is taught in tlie cightli grade in Chicago and 
is used in high school and college science courses, but it is learncHi^ 
as an adclitional system of mathematics.- 

The snperintcudcMit suggested that its W4*44tl-wide use would be 
"a long step in world ccjoperation toward p(^aee/' 

VIKNVS C)l' I.KAOINU S( IF.VriSTS 

Dr, Harold Trey, tlie discoverer of lu^avy water, and Dr, 
Fjirico Fermi, u pioneer in the atomic chain nnietion, who worked 
on th(^ atonn'c bomb researclnit the Uuivc^rsity of Chicago, agreed 
tliat us(^ of both the Knglish and the metric systems ^^coniplicated" 
the project. 

Arthur |afFey. acting cliairruau of tlie atomic scientists of Chi- 
cago, said that his group was 100 per C(Mit for adoption of the 
metric s\ stem. 

On tlu^ otlier liarnb Dr. Ovid W. Eslibaek. dean of Northwest- 
(Mil rni\ersit\ s Technoloiiieal Institut(\ maintained that" both 
tlic Fu'^li^h and tlii^ nu^trie syst(Mns wer(^ ntunled for tlie conven- 
ienec ot Americans as cavli liad its merits. 
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This Is the' Year MCMXW 

The ancient Romans had a lot of sound ideas anc^ efficient prac- 
tices, especiall}' in fijjjiiting by land or s.ea and then governing the 
territories they conquered. . ^ 

WUen it came to numbers, though, their system left a .lot to 
be desired. Jt was about as cumbersome an affair as could be 
imagined. ' ' 

It was a complex of Ts, V's, X's, L's, C's,'and so on, so that every 
number you wrote called for a confusing, juggle of these symbols 
— except that by drawing a straight line over a numeral y^u could 
indicate that 'it was multiplied by l.OOQ. 

According to Roman numbering, this year of 1945 is MCMXLV 
pretty short and snappy designation compared with some 
mnnlH'rs that can he doped out in Roman numerals. The year 
1899, for. example, in Roman numbers was MDCCCXCIX.. The 
Ci\ il V\'ar ended in MDCCCLXV, or 1865; we declared our inde-. 
pendencc of Great Britain in MDCCL'XXVI, or 1776, 

TlT(^T5ncyclopodia Britannica assures us that adding numbers 
the Roman way was simpler thaa our way, giving the followiirg 
example:. . . 

DCCCCLXXXXVILII 999 
CC XXV _ 225 
MCC XX nil" 1224 

Well take tin* liritannica s word for it that tliat is a simple oper- 
ation: ^ness wv vv just too dunil) to follow it. Wo note, though, 
that the c^steenu^d ri^ferencc work is i>K}re than vague — in fact, it 
(loesn t nttiT — on liow the Honuais mnltiphed and dividcjd in their 
UKithematical siL^n language*. 

(^anu* th(* lOth (iiMiturv .-\.r)., and ^the Arabic nnnuMals were 
intro(hic(*d into Muropc*. Th(\se are the nunu^als we use today. 
Th(Mr Arabic in\(^r;a)rs had had the'])rilliant inspiration, too, to 
d(*\ise a nnui'M-il to .signifv notliing — zero — which had never oc- 
cnrre^d to tin* Honians. 

The advantages of .\ral)ic notation ov(m' I{on>an are obvious, 

;. / Hrprintfd frmii llir TiJUt s-llcrahl, Wasliin^tMii. I), (!., May '^I, hy piT 

Tni.ssion of tlie Xew Y<>rk News Syndicate Co., Inc. 
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These mmierals furnish a vehicle for swift, clear reckoning of all 
kinds. It is belieyecl ln* some thinkers that the prehistoric inven- 
tion of the wheel \Vas the greatest single invention in man's his- 
torv. We think the in\ ention of Arabic numerals was also of pri- 
mary importance. . ^ 
Thv»re is another in\ ention which hi the fic*|d of measurements 
has a Nogue comparable to that of Arabic numerals in the field of 
reck'6ning. 

'We're talking about the metric system, in contrast to the foot- 
pound-tiuart system in use today in the United Sta^l^s, the British 
Kfnpire. and nowhere else that matters nmcb. Most the rest 
of the western world long ago adopted the metric systcnii>deN*ised 
by I'reiieli scientists in 1790. • ' ' • 

Tlie metric system mox es up and down by 10\s; it is a de^^mal 
method for measuring length, area, volume and weight. \ 

In World War I, a lot ofs)ur fighting m(»n ran into the mekic 
svst(Mn in operation in France, and saw how simple it is. Athr 
tiiat war. metrics hung on to some extent in our armed servic^iv 
cspeciulK- as regards reckoning Army gun sizes. The Arnu' nowa\ 
da\s has its 2()-millimet(M* giuis, .37-nun\s, 5T-mm\s, 105-nuns, and\ 
so on — tliough. curiously enougii, its artillery fire control mecha- \ 
nisms mainl\ operate on tlie. feet-iuches system. 

'I'he Na\\. on tlie ixihvv band,' sticks to gun calibers measured 
bv iuclu'S— fMnchers, SMiicbers,' 14-inchers, etc. Why can't the 
boys liet to^(*ther? Tliere Jimst be occasions \vhere it would be 
most cou\(Miicnt if Arn^y and Na\ y units hi joint operations could 
swap aiuunmitiou. 

One force that eould do a lot to bring tlie boys together is Pres- 
i(hMit l{arr\ S. Trnman. Mr. Irtnuan in World War I was captain 
i)f Battrrx I). ]29tli V\c\d Artillery, ootli Division, a division which 
saw ronsiclcrablc aeti\ity in I'Vauce. In tluit capacity, Capt. Tni- 
inaii had ample opportiuiity to see the advantages of the metric 
s\ stem o\ t'l' au\' other. 

.\s f.oiiimaiuhM- in Chief. Mr. Tnnnan could gi\e the country 
inanv a iiiulm- toward complete adoption of tin* nu*tric system, in 
both military and ci\il life. could start the Navy toward met- 
ric ^un si/es. at a safe speed: '-oold [)re.ss for th(» drawing of all 
our militaiN iiiaps au(l\var a)i»tract sp(Vifications in metric terms; 
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and m on. Once the armed forces went all niotric, the civil popu- 
lation would he likely to do the same . . , and thus President 
Truniun would have performed a great service to all Americans. 

I * • . 

v. 

Britain Going Metric?'' 

TuK Association of British Chambers of Commerce have adopted 
.a resolution urging the metric system for Great Britain and rec- 
omniending appointment of a go\ ernnient committee to consider, 
.the Ichanges. Tliey have also advocated a change in British coin- 
age to a decimal system. Britain is the only European country 
without a decimal system of coinage and measurement. iWc all 
know how simple and eas\- it is to count U. S. money. That is be- 
cause we reckon our money by a decimal s)'Stcni. 

We h'dw long advocated the metric system for this qountry in 
contrast to our present f()ot-pound-({uiirt system, which is in use 
today in th(* Tnited States and Britain and nowhere else in the 
worlcf that matters niuch. The metric sxstem moves up ond down 
in l()\s. It is a decimal method for measuring length, area, volume 
and weight. After World War I, we adoptedy^nietrie measure- 
ments for some of our Army guns, such as 155-niillin)eter, 105 mm, 
and so on. Jhe \a\y still clings -to its 6-inch, 8-inch, 16-inch, etc. 
guns. 

The nu^tric is indec^d a good idea. We ought to adopt it, not 
only for money, ])ut for tluMiuonu^tcrs, weights and measures, 
I'te. 

' Till' rcsoliitioi) whicli follows was inLrodiiced hv Harry Allcock, 
(.'liairman of th(» (.onneil of the D(*cimal Association of Laighind. 

"Having r(»gar(l t() the \ital national importance* of export trade 
expansion auvl to the eons(»(pi(»ntia.l n(*ed for the improvement of 
onr trading methods by all available nuuwis, the Association of 
lirilish (!hamb(TS of ( louuuc^i'ec* considtMs it (\ss(Mitiai that British 
^traders should em[)loy a decimal swstem of coinage and tlu* metric 
system of weights and meas . of which tlu* higher (^fTieiency, as 

° fu-priiitcU fr«»in tlif Tiuic^'Ui'ruhl , W.isliin^lnn. 1). C. (KI..I)«t. P)!'). I)\ 
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c()inpar(*d with the Hri.tish systoni'S, has hvvn ckMiionstrated in so 
iiuiiiy c()untri(\s for so nuuiy years. In view of the technical nature 
of these proposals, it is suggested that the CJovennuent should set 
up an appropriate eonuniltee (or eoniniitt(*es) to recommend the 
UKist convenient means of securing the d(\sired olojects." 



Metric System* 

That caption is old, and boring, no doubt, to sonic people; and it 
seems a safe bet that some of the custonu^rs will stop reading 
these remarks at this point. 

• Ne\ertheless, the metric system of weiglits and measures is as 
great an improvement over the foot-pound-quart system as Ara- 
l)ic rimnerals wvrv over Roman. If \'0u don't realize what an im- 
provement Arabic nnmeiUs were, try muUiplying XlV by XL, 
and then do it in Arabic— Hx 40. 

Further, we already have a metric system for measming our 
monev — cents, dimes, dollars, with the in-bclwecn nickels and 
(piarters entirely lou;ieal and understanchihle. We wouldn't think 
of .Uoing back to the British recktming of pence, six penc<s shilling, 
florins, pounds, and guineas, with which our colonial ancestors 
st niggled. 

But the gn^at' majority of us were l)nrn and drug up under the 
foot-ponnd-qmirt system, and human inertia is sucli, even in the 
dvnamie and generally progressive United Stat(\s, that the agita- 
tion for adoption of tlu* metric system in this country makes only 
th(* slowest lu»adway. It has pcMietrated into the electrical and 
optical l)usiii(*ss(*s. to sonu* extent into the Army, iuid to a lesser 
extent into thv \a\ \ : but that's about the best news that can be 
o(f(M-(*d up to n()u\ tiiougli tlie metric system itself was devised by 
French sei(Mitists in the year 1790. 

If President Truman wants to do something constniotive for 
his conntrw and even niorc^ so for our childrcMi and theirs, he can 
appoint a enimnission to look into tlu* prohlcMiis coimc^cted with a 

H. }»rjnt. .1 trMiM till TirKr^-IIrnihl, Wasliinttton, D. C. DccnnlHT IT, U)45. hy 
pcrniissidii i,[ tne N( \k . k Nous Synilioitc Co., Inc. 
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* j^eneral changeavor to metrics On this commission conlcl he vari- 
ous scientists* .military men, l)usiness men, professors. Encouraged 
by the report such a connnission woiild l)e likely to turn in, Con- 
<irvsH might grease. tlie wJieels for a change to metrics. If it 
should, it . would do all Americans a ser\ ice of the first magnitude. 



The Metric System / 

W AH IHUNCS L'S NEW M\ IN(; Aim 

TnK war has brought a lot of new substances and devices into 
what is often called the American way of living. There iue life- 
saving penicillin, malaria-fighting atabriiu\ synthetic ruhlKn\ ny- 
Ion, radar (wl)ich everyhoch* says is going to revolutionize com- 
nuM*ct\ industry and e\'erything else when tlie war is o\er)» faster 
and more powiu'ful plan(\s, improved nietliods of surgery and 
psychiatry and countless other items on the credit side of the war 
ledger. 

We might ha\ o had a lot of th(\s(* things exentually an\Ava\\ but 
th(» n(»eds of a nation at war hdvc speeded up tluMr de\el()pment 
so that we can hope to eujov them to tlu* full When the hostilities 
are nvvw 

But then* is one thing tlie war might ha\ doiu* for us which it 
has not. Thb war has not l)r()ught about tlu» national usv of the 
metricnsysteui of wiMglits and uuMsuri^s. 

Big dictionaries contaiti a tabU* of weiglits and ni(*asiues that 
has sonu* wonc'lerfiil uanuvs in it. 'I1i(m*(* ar(* t(Mi poods in a berko- 
wit/ in Russia, and 25 niiskals in an ab])as in Persia, Tlu^re are 12 
inche s in a foot in thV* Unit(*d Stat(\s. And wliih* that may not look 
funny to us. w(* do ha\'(* sonu* otluM's that ar(» p(*culiar, to say the 
l(Mst. l\*cks. bnu(lr(*dwei^hts, p(Mni\ W(M<j;hts, liands, hogsheads 
and so on, all ar])itraril\' s(*t nia\ b(* hundrcnls of \(*ars ago. 

Our Ainiv lias loo-niillinu^tcM* guns and oiu' Na\*\' has 6-inch 
nuns. \\ c \\\\\c 75s and .'Vinch(M\s. W'c* have .5()-caliber machine 

^ (J<»urtt's\ ui Tlw \cu s, New York's FiLlurt' \i wspaprr, July 24, 1944. 
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giins,\.based on inch mousiirenicnt, and/ 37 mm giuis based on 
metric nuMsnreniont. The Britisl) are not much better off than we 
are, vvith^ their stones, imperial (juarts, ells and so on, 

But there has^een a perfectly good system of weights and 
measures K ini; around for 150 \ ears, Isince it was adopted iii 1795 
by the French. It trfok a revolution to change the French, at that. 

The metric system is based on the meter, which is taken to be 
«ne ten-millionth of a quadrant of the earth; the liter, which is 
the volume of a cube one-tenth qf a meter on each side; ar ; the 
gram, which is the weight of one-thousandth of a liter of water at 
4 degrees centigrade. 

SYSTEM ADOPTED BY SCORK OF NATIONS 

The metric or decimal system has been formally adopted by a 
score of countries. It has been tolerated in England, Japan, Rus- 
sia, Turkey and the United States. In En.gland a battle raged for 
vears as orderly-minded people agitated for its adoption. It 
wasn*t until 1897, in fact, that the law against possession of a set 
of metric w(Mghts and measures was repealed in England, 

In this country we nearly adopted a decimal system of weights, 
and measunvs thought up by Thomas Jefferson, but something 
happened to it and we mercK* took over the English methods, al- 
though somebodv was smart enough to set up our money system 
which is tlie easiest in the world to count and handle becUuse of ' 
its simplicity. 

In the last war American soldiers in France found the metric 
syst(Mn conxenirut and workable, That is why we now have, in 
addition to guns nu^isurcd by inches, caliber or gauge, others 
which dvv designated by tluMr millimeter si/e. 

Our s()ldi(M'S are l)ack in France and more of then) will be iutro- 
(IucihI t() the simple FrtMich system as they march for kilometers, 
drink liters oF wiuv and buy kilograuis of Hour. 

s( u:misis km)w vaia k ok thk mkthic system 

At \unnv here. whil<* industrial measur(MU(Uits are still on the 
inch basis, more and mort* precision iustrunuMits are calibrated 
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iiK'tikall\ and a "'ood iiiunv scicntiTic laboratories use tlie nietrit;.. 
SNstoni. Workers in those lines are used to precision and yrder 
and know the vahie of modernix.ing their procednre. 

Our Bureau of Standards possesses master metric measurements 
as well as masters of tlie inch and pounftj system. A gockl many of ^ 
our large cities idso are supplied with master measures of hoth 
kinds. ' * 

There is no really good r(\ison why the changeover to the met- 
ric svstem c()uld not be made througliout our whole domestic ^ 
scene. All the things we make and wear and eat, machine work, 
yard goods, coal, oil, hutter, prescriptions, potatc \s, could be 
])()unht and sold under the metric system. At least one confusion 
could be eliminat(*d from our economy i^we were to reduce our 
weights and nuuisures to tlu* modern simplicity of our monetary 
svstem. 



M(>tric Systc^m's Uni\ c*rsa] Uso 
rru;(*d as St(*p to World Pc^icc^"" 

JOUN J. O'NKILI, 

A < oxtNtoN hmiinaiie throuiihout tlie world would l)e one of the 
most cfft^ctivi* aids in achieving and maintaining peace* and maxi- 
nnuu cooperation among nations. Scientists have a kind ()f uni- 
\(Msal language, actually two such languuges, mathematics and 
tlielTielric sxstem, their laiignage of measurement. 

It is easil\- possiHle, and highly di\sirable, for the entin* world 
to adopt the metric system. It provides the simplest, most adapt- 
able, most easily used, ntt^v^highly coordinated and most um'vcM'- - 
sal svstem of measureniont. 

\ 

MONKt COXTHASTKn 

In order to ^rasp (jiiickly tlu* adxautages jmnided by the met- ' 
rie svstem, it is necessary only to compart* th(* money system of 

nii-^M'iii i-i tilt; puMi^litTs. 
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tilt' united States vyifh its dollars, dimes and^^ents with the Eng- 

* lish System using pounds, shillings and pence, plus variants, such 
as gdineas and crovvns» Ten cents equal one dime, ten dimes equal 
on^ dollar and ten dollars one eagle. In English money twelve 
pe'nce ecjual one shilling and twenty shi llings ^equal one pound. 

{ The nwllioiifs of American soldiers vvj*5 passed through England' 
during the war were confused by the pounds, shillings and pence 
. of that countr}', and enthusiastically chided the English for con- 
tinuing to use such an archaic system. They were unmindful, 

• howex cr, that our system of weights and measures is just as ar- 
cliaie, and dates back to the length of the royal nose, or fbot of 
IVrev tile Unteenth, or other unscientific stancUirds. ^ 

The number system in use throughout the world is deciimal 
that is, it uses 10 as its l)ase. Our money system is decimal and 
NO is the nietric'system in all of its units of length, volume,larea 
. and mass, or weight. All of tlu» metric units are derived frAni a 
single unit, the meter, the unit of length. ' ' 

. I SKS NATl-KAl. ST.WDAHDS ^ 

I 

This unit of length is tied to natural standards in two ways. Hy 
original definition tlu> stantlard meter is one ten-millionth part ^of 
the di?.tanee h(»twe(Mi tht* e([iiati)r and tlie pole measured along a 
meridian. Lati'r ealeulations indicate the adopted standard is in- 
aeenratcv'l)) an e\trenu»ly small amount, IK a xwoxv recent defuilr 
ti()ii>he nu'ter is a ninltiple of the wave length of a partieular red 
line in the .spectrum. 

The meter corresponds closely to our yard. It is almost 10 per\ 
eent h)nger- One meter equals 1.094 yards, and one yard equals'^ 
0.911 meter. Our yard is tlivided into thirty-six inches, a relic of ^ 
tlu* s(i\a<4tvsinKil system of counting used in Sunieria more than ^ 
■1,000 \ ears ago. the nutter is divided into 100 units called centi- \ 
nutters, just as oiu" dollar is divided into 100 units called cents, 
A eomnion dixisiou of our inch is into eighths. The eentimetcr is 
(lixichHl into tenths ealK^d milliuu^teis, wliieh are thousandth parts 
' of a meter. Tlu^ larucr mnk1)f Icngtli is tlic kilometer and contains 
1,000 meters. *l1ic kilometer is a little more than a half (0.621) 
mile, and a mile e(pials l.GI kilometers. 
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The centimeter is tlje^'base of tlie unit of volume and of weight. 
. One thousand Qubic centimeters make one Uter, which closely 
approximates the standard United States liquid quart. A liter of 
water weighs one Icilograni so one cubic centimeter weig^is one 
gram.' , * ' ^ - ■ 

- SYSi^EM \V IDELY USED 

jfB^ Practically all pf the continental European coilntries and the 
South American countries use the decimal metric system in all 
commercial transactions and its use is legally permissible else- 
wluae throughout the vvorld, including the ^United States.^ A 
standardization of contanicrs and measurcirumts on metric units 
would greatly facilitate world trade. There is always a sense of 
mistrust when a diversity of units ot measurements is used, and a 
MMise of understanding when all talk the saine language of nieas- 
ur(»ni(»nt. 

Now is the ideal time for making such a shift, when the. world 
is tr\ing to reach a new basis for internatfcvjal agreenients. Uni- 
v(»rsal use of the system in this country w()iil^W4c.^u^reat aid t^y 
iiiKlcrslandinu and doine business with the metric countries^ of 
I'-urope and also those in Soutlv America. 

An ev(Mi gr(NvttM- advance* in laying a solid foundation for peace 
and i:o()(l will anionu nations, and more particularly for mutual 
understanding among the peoples of the earth would be a uni- 
\tMsal mi^tric svstcm of coinage with a standardized unit of vahie, 
'llaounh this internatic^nal money operations could be reduced to 
a ha.Ms that would permit tht* average man to understand what 
Was l)cing done nuich n)ore easily than by figuring the exchange 
rates anionij; a ereat manv different currencies. 

STKrS BEING TAKEN 

Steps leading to a systen) of int(»nuitional standards are being 
laktMi at a meeting in London being attended !>;> delegates from 
tlu* American Standards Assoeiatitm and the HritisH Standards 
Association and delegates fron) uiurty otlu^r countries. P. G, Ag- 
iiew, xice-prt^sident and si^cretary of tlu* A.S.A., and V^, CJ. Written- 
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den, assistant director of the National Bureau of Standards, are 
representing the United States at the conference. 

The American Stahdards Association, of which many*hundreds 
'of industrial corporations are members, takes no stand in the mat- 
ter of setting up standards, but provides the mrfchanism by which 
there can be defined and set up for use any system or standard, 
desired by. its members. Some members requested an inqwiry'be 
made into the desirability of adopting- the metric system ipx de-. 
scribing adopted standards in conjunction with the common Eng- 
lish units. A/committee appointed a year ago is nqw investigat- 
ing the problem. * , ^ 

The Xfetric System and the Postwar World' 

f '• . \ J T.. JOHNSON 

War l^astens trends and precipitates change!. 

World War I brought about many changes in science, industr\ , 
and niedicine. As a result of the tremendous development erf the 
airpliine, this war will make our world much Waller, socially and 
commercially. International trade will be ste^)ed up. This will 
call for simplified practice in international business transactions. 
\Ve cannot afford to have three number systems in eacli of which 
the jirinciples of operations vary. ^ 

Our children are now .forced to learn tjtrce different systems: 
the whole number system where tlie ^decimal principle of place 
vahie applies, the "common fraction system where different opera- 
tional principles apply, and the denominate number s)'stcm where 
still different principles apply. 

What is the present trend of simplification? Everyone will agree 
that it is toward \lecimalization of our numl)er system. This is 
attested by the fact that mechanics has decimalized the ificli. 
Parts of automobiles are made to the ten-thousandth:; of an inch. 
Engineering has decimalized the foot. Surveyors measure in feet 
TTfrd tentlis, not in feet and inclies. A\'iation has decimalized the 
mile. We read of the tremendous speed of a bomber as 350.486 
miles per hour. Why is tins? The answcM* is that in decimals' the 

* Hrpriiitrd from Tempo, Cliita^n Tcjuhcrs C(ill(»g(\ NoXi'Mihcr, lU-M. 



180 . %IIE METRIC SYSTEM 

saino i)riiicipkv)f pla^e N alue applies as in wholo numbers. VVhen 
Sim(Jn Steviu inNent«l the cleeinial in 1585 he simply exUnidecr 
the principle of place N alue/inhereut in our whole numbers to 
numbers small|f than I. . -[ 

W'e count and we measure! These arc the two great pnnnti\e 
uses of numbers. Would it not simplify matters if we could use 
-^the •'>'"'<^ principle when measuring as when counting? Is there a 
'^n^id in this direction? Yes, there is. Eyer since France, in 1799, 
invented the metric sNstem, groiips^imd countries at different 
tina's luu e adopted this system of mea.suremcnt. 

After tlie Prussian War in Europe in ISll, 'German)', Austria, 
Hungary and suborilinate colonies adopted the metric system, 
y almost cloubfing theljopulation then on a metric basis. In 1866, 
rigM after the Civil Rvar in this country, the metric system ^as 
made legal bv act of Congress. Later, in 1893,. it was nu}de the 
standard in t'he United J^^ates. In 1920- 192 1 after World War I 
the tuetric sy.stem was adopted for ofri(,'ial use by Russia, China, 
Ttirkey, and Japan— thus more than doid)ling the population that 
was at that time on the metric basis. It is ndw officially used by 
fift\-fi\e of the fifty-se\en countries of Ihe world and by more 
tlian 75 per cent of'the worlds population. 

What is tKv reason for this trend? The answer can only be, sim- 
plified practice. Any one who knows the metric system knows its 
situpliclty. The fact that, it lines up e\ erything that is measured 
ill a one-to-one correspondence with our wiiole number system, 
where the decimal [-riucipu of place \ alue applies, accounts for 
its simplicity. * 

There caii be no stopping of this trend! World War II is bound 
to gi\'e it a boost. 

Think of the time and energy that would be sa\ed our b()ys and 
<j;irls in scliool— not to nientif)n the teaeliers— if the metric .system 
were llie oflieial system in this country! . 

The isylue now is not between the English system and the met- 
ric svstrni. I)ut it is between two M-stcnis now in u.se with the 
• time-consuming. ineoniuu'nsural)le ■■(•rror-prodneiiig" con\'(M\sions, 
the one liaiur. and one simple "likc-our-w'liole-nuinber'" system, 
tlic nictiii-. on the ofluT. 

Wlneli sluill it be? 
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\Vhen Size 9 Is Aize 10* . ' ' - - \ / . 

.■^ , • VAL*E VVEBfeU 

Working Out the Difl[erences in British and 
Aniedcan Weights and Measures Is Costly 
— and ^ Confusing ♦ • , 



Not long a^o aii altruistic lady living in the Bronx posfed ja pack- 
age of clothing to a married sister and her family, in England. 
The paYcel CMjlained a pair of shoes, a pair of stockings, a child*s 
dress and a woman*s suit. When it arrived, nothinjf in tt fitted.<' 
■¥he shoes pinched and the stocking^ were too short. *The child's 
dress was too big and the suit, was too small. The senders' g^od 
intentions were completely wasted. ' 

Multiply the Bronx woman's misi^dventure by a few hundred 
thousand when postwar transatlantic business ^really gets /under 
\vav, express her case* iiv exporters' terms and you get an idea of 
millions that are being lost^very year in Anglo-American 
trade because the Un'ited States ^uid Britain have not»yet thought 
it worth while to make a serious effort to get together on the be- 
wildering business of international weights and measures. 

Almost nothing has the same measurement in Nev^ York as in 
Loudon. Harassed shipping clerics and salesmen spend a large 
part of their time trying to figure out what sort of man iii America 
could wear a size 6 English suit, Jhow long an American inch is in. 
MiUiclioster, just what an imperial gallon means when poured into 
an American tank or an imperial pint hito an American decanter. 

The complications are endless. For instauce, the gallon used 
today in tlie United ^States is still tlie sanu Queen Anne gallon 
that tlie linglisli >u^Hl—and^ discarded long ago. Sometimes it 
nunlsures a pint and a naif more than tlie present English impe- 
rial gallon/sonietimes less^tliiin this. It depends on what is con- 
laiiied in the gallon. 

The rM)ttle of whisky known to Britons as a **qiiart" because it 
contains oiie-(iuart(M* of their gallon, (Mjualv only one-fiftii of tin* 
American gallon, \\1iisky proofs in the two countries differ too 

RrprintfMl from the \eic Vr>rA: Twirs, September 22, hy perm.s.sioii n| 

tlic Sew York Times and of Valu Weber, 
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British proof equals ll4.2 per cent of United States proof— and 
contains 37 per cent alcohol. United States proof is 12.3' per cent 
under' British proof — 6h15 per cent l|?ss alcoholic content to a gal- . 
. Ion. This may be one r? ison for. the steady demand for Scotch 
wliiskey evervAvhere. 

DiscrepanciCvS are not confined to luxuries and alcoholic stimu- 
'lants. When AiheripAn farmers serfd England a quarter of wheat 
1 eit^ht bushels in England) they have to send ei^ht and one-fifth 
l)ushels by American standards — because the American quarter is 
a fifth of a bushel less than the English quarter. Price adjust- 
ments in both countries have to be made, f 

Congress has never officially decided just how long an Ameri- 
can inch is, Our inch has become standardized by use, but it still 
differs \ery slightly from the English inch. (A meter equals 
39.37011 British inches, or 39,37 United States inches.) Moreover, 
American manufacturers do not always make their merchandise 
the same size as that of their competitors. Two manufacturers' 
si/OS 9's or 12's or 20*s do not measure the same, and if they did, 
they would not be'thc same as the English measurements. 

Discrepancies in American and British shoe sizes range from 
one full-size to a size and a half. The British size 5 shoe for 
women is etjuivalent to an American 6 1/2. Shoe widths are cor- 
respondingly wide — in most instances far too wide for the Ameri- 
can foot. Stockings for wonuMi and socks for men differ too. The 
9-inch Knglish stocking would be anything from 9^1/2 to 10 in the 
Um'ted States, depending upon the manufacturer. In somp cases 
it has equaled size 11. ^ 

The story is the same in gloN cs, in underwear, in hats — in prac- 
tically everything to wear. Sales clerks shake their heads at the 
[)()ssil)llity that sizes may not be the same in England. English 
shop assistants are just as perplexed when told that sizes may not 
be the same in America. 

The \var showed clearly how vital it is that there should be 
sonu* standardization betM'eon the two nations. In a machine-age 
(^conomv, literally held together by screws, the threads of vital 
siTtAvs in the Cnited States and Britain aiV still different. 

Ilalf-wav through the war William L. Hatt, vice chairman for 
international supply of the War Production Hoard, told America 
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. that $100,000,1)00 .had been unnecessarily added to the cost of 
production and repair of rnachinery up to that time by the sim- 
ple fact that British and American screws have different numbers 

^of threads per millimeter. In most cases British and American 
giui parts were not, interchangeable, according to Mr. Batt, even 
though the completed products were of Identical design — out- 
wardly. ' ' 

y Tons of paper are wasted by exporters on both sides of the At- 
lantic in working out differences affecting- shipping space, money 
and time. Yet America and Britain Are growing closer together on 
the business le\ el— Especially since thfc loan— ^while Whitehall 
and Washington remain content with shoes that won't fit, gallons 
tKat overflow, inches that differ, neckband^ that strangle, stock- 
ings that are too long or too short. Isn't it tii^ie they got together? 

Air Metric System Is Adopted by ICAO'* 

JOHN STUART 

Britain and U. S. Lo?e Fight for Own 
''Measuring Terms as World Standard 

MoNTHKAL, May 26. Countries using tlu' metric system today ywm 
a long figlu to rccoimnend that system of measuremenf in air- 
ground connnunications. Countries of the British Empire, the 
United States and Mexico, which use tlie foot and pound units of 
measure, bitterly opposed the plan in the Assembly of the Inter- 
national Ci\ il A\ iation Organization. 

Back of tlie fight lay the wish of the metric countries to get into 
the manufacture of aeronjttrtical instruments. Since tlie war this 
profitable husiuQss has been almost exclusively in tlie hands of the 
United States md the United Kingdom, tlie l)ig aircraft manu- 
facturine countries. 

The proposal precipitated a dehate lasting ^hree and a half 

^ ^ Reprinted from tlio Sew York Times, May 27. 1947, by pmnission of tlu* Sew 
York Timcw 
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hours. Rt'SolMtions and reports from fivo other coiuiulssioiis of the 
assoinblv la\ an inch deep, or 25.4 nillihnetors, on the delegates* 
desks. They numbered about 250 page.s.- B> disposinj^ of the one 
page coNering tjio metric system reamnuj'udation, the assembly 
got through one milhmeter, or one 35.4 of its work. 

The resohition recommends that tlie Council adopt as rapidly 
as possible as aii ICAO standards a system of units in ground-air 
communications and related publicaticms that pertnits' only long 
.distances to he measured in nautical miles Mud vertical speeds in 
knots. 

^Altitudes, elevations, dimensions (if airports, vertical speeds, 
\Vintl velocities, cloud heights, visiljiHties, altimeter settings, tern-- 
peraturgs and weights are to be expressed in the metric system. 

The Council will soon, adopt tliis vecommendation. Unless a 
large number of member states object to it, it will become stand- 
ard. The Council is permitted to provide alternatives in pounds, 
feet and statute miles for countries where such alternatives are 
recjuired in the interest of safety. 

It is rccogui/ed, lu)we\er, that adoption of the system in the 
\ ital field of air-ground eonununications will have an important 
effect on the future us(^ of the metric .system in all aeronautical 
dimensions. 



W bv Not (;() Metric?' 

Tin-: urescuce of heroic ch'meuts of the U. S. Navy in New York 
and other ports reuunds uS of a crusade which has been making 
ouK- sl(»w lieadway iu this country. We refer to the battle to sell 
Ainerioaus on the luetric system, the only truly scientific system 
ol nieasnrenicnt. 

AHMANtKNT CONKUSION 

llvvv dvv somv esstMitially ridiculous facts ahout llio weapons 
with wliic^li our soa, laiulAmcl air forces fouulit iho war: 

^Cniirlrsy i«f The Sms, Nt-^vVork's V'wimr sp.ijnr, (). l.»hrr 22, 1915. 
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The fighting ships of the Navy used big rifles whose calibers 
were measured in inches— six to 16. Their smaller guns, though, 
were in millimeters. The army artillery's favorite big weapons 
were descri!)ed metrically— 135-millimeter, 105-mm, 90-mm, 75- 
mm. But another favorite army weapon, the deadly "goon gun" 
or small mortar, used 4.2-inch shells. . ' 

Rockets, of which our forces made such effective use in many 
a bloody beach assault, were of seven main types— and all of thrse 
' wore sized in inches, from 2.25 to 5, and so on. 

Our airplane bombs were described in the old-fasliioned way 
-,500-pounders, l,000*pounders, 12,000-pounders, etc.— instead 
of i \ the scientific uictric way by kilo jorums. Or they were desig- 
nated in tons; and wiien our'air'men and t*lie British airmen were 
plastering German) together, there was tlie added confusion of 
~ the differing U. S; ton and British ton. 

The l)azooka, our deadly and extremely modern anti-tank 
rocket gun, was ofRcially known as the 2.46-inch rocket launcher. 
Our airplanes were as modern as anyl)ody's and more so than 
uio.st; but one of their ])ost weapons througlioul^ the war was the 
.3()-galiber machine gun, uieaning the half-incli machine gun. 

According to Gen, Marshall, our supc-iority in infantry fire 
power was ncv cr overcome throughout the German war, and it 
stennned froiu the use of the Garand semi-automatic rifle; and 
this- supei l) weapon, the last word to date in such anns, is sized in 
* the old \vay, })eing a .30-caliber job. The Browning automatic 
ride is uo slouch, either; and it, too, is .30-caliber. 

We e\-eii mixed old and new measurements on one and the 
same piece" of armament. Gen. Marshall in his recent widely 
hailed report speaks, fo'- example, of two tanks, ''the T-29 and 
T-3(). whicli weighed 64 tons, one mounting a higli-veiocity 
lOo-inm rifle, tlie other a 155-nnn rifle." 

I bis confusion ought to be cleared away as fast as may be. We 
oin^ht to scrap foot-pound measures in the armed serviees. at 
least, and put all ineasiirenuMits on a nietrie basis. 

Tlu^ metric- svstetn, with its up-and-down progression by lO's, 
is as siniple as 0, S. dollars ami dimes when yon get the hang of it, 
whieh \ou can do in short order. 
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Large numbers of our men have been fighting in countries us- 
ing the metric sy«tem. They raust have learned a lot about it and 
. how to use it. . 

If the armed serVices would take to writing all their specifica- v 
tions in metrics, the industries supplying them would have to ex- 
tend their own knowledge and use of metric measurements, and . 
the reform would gradually spread through the civil population; 

Now is the time to get ,this reform under way. Army and Navy 
units to our b^st knowledge were not caught with non-irter- ^ 
changeable ammunition in any chicial engagement of World War " 
II; but such a thing might happen in World War III Why not 
insure, against it while we're at peace? 

While we are about it, we should also do something drastic to 
the Fahrenheit thermometer, the thermometer most used in the 
United States and Great Britain. 

Th:s curio was invAted early in the 18th fcentury by Dr. Ga- 
briel Fahrenheit of Danzig, and on principles that were scientific 
at thiit time. Fahrenheii started with the lowest temperature he 
could get with a fre»> uig mixture of salt and ice, and called it 
zero. He divided the difference between this temperature and 
the human body temperature by 96, v hich made the freezing 
point of water 32 and its boiling point 212. 



SCHAP FAimKNHKn ■ ADOPT CENTIGRADE 



/ 
/ 



Tlie centigrndo thermoi/ieter, liowcx er, is completely scientific, 
whereas the Falncnheit is only relatix cly so. On the centigrade, 
water's freezing pc iht is zero, and it.«; boiling point is 100, and that 
is all there i.'. to it. The centigrade thermometer goes logically 
with the metric systf ii, and these two aids to accuracy and speed 
in all weighing and n.easuring sliould become standard through- 
out the Uuited States. 

We pride ourscKcvs on l)eing the worlds most seientificalK' ad- 
vanc-ed nation, whieli indeed we are. Why-, then, the hesitation— 
the generations of hesitation—to yo eonipletflv and .scnsihlv met- 



OF PUBLIC INTEREST 



187 



Radio ^ 
Let's Use the Metric System! " 



C. J ARNOLD 



Given over Kadio Station KYSM, Mankato, Minnesota, on Tues- 
day, February 5, 1943, 8:45-9:00 a.m. on the Mankato- Schools on 
the Air Program. 

Sound: SCHOOLBELL RINGING ( FADE-IN ). 



announcer: (over bell) mankato schools . . . ON THE 



Sound: schoolbell . . . fade under and oirr during speech 

announcer: Good morning, everyone. Welcome again to Man- 
kato High School, for the third in a series of twenty public 
sendee broadcasts, telling of education in Mankato's schools. 

• Our host once again is the professor, who takes lis to rooms 
in the school where we may "look in on classes in action, lis- 
ten in to extra-curricular activities, and hear special presen- 
tations. The professor is waiting for us aheady, so let's -go in. 
(pause) Good morning. Professor. 

professor: (fade in) Good morning, Bob, and good morniAg, 

• everyone. 

announcer: We're ready once again, Professor, to visit another 
room, or whatever you have in store^for us. 

professor: On the docket for today is a very important issue. 

announcer:* What's that? 

professor: Today o^iln'isit takes us to the Mankato High School 
Auditorium, where the students are assembled to witness this 
broadcast. On stage, a group of boys are waiting to begin a 
story. 

announcer: Well . . . vhat sort of story? 

• Quoted by permission of C. J. Arnold. 
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professor: A story that is pr6se;ited as a means of calling to the 
attention of the general public a bad situation jthat exists in 
present-day, Ahierican education. Its presented in the hope 
that it will bring at)out an enlightened public opinion that 
will eventually lead to its correction. It calls for a simplifica- 
tion of education. Particularly in the subjects of science and 
mathematics— two subjects which often cause great difficulty 
to students and are commonly referred to as *'hard** subjects. 
These subjects are much more difficult than they need to be. 
Millions of hours of work are demanded of students that 
. could be put to more profitable use. Efficiency, the keynote 
of our* day and age, demands that something be done about 
it. Right now in the auditorium, the boys are ready to tell 
our story. So . . . let s look in on Bill Jones . . . busy >^ith. 
his home wo^k. He is confronted with a problem^ in high 
•school physics. 

bill: What is the weight of a block of wood 4 feet 9 inches long, 
2 feet 3 inches wide and 1 foot 11 inches thick^/fhe specific 
gravity of wood, is .6. 

(whistles) 
Holy cow! That*s another humdinger. 

Soumd: DOORBELL RINGS 

bill: Come in. 

Sound: door open and close, enter [iarhy, bob, and joe. 
bill: Oh hello, there, Harry, Bob, an(| Joe. 
harry: What are you doing, Bill? 

bill: Oh, Tm working some physics problems for tomorrow. 
Gotta find the weight of a block of wood. 

bob: Say, talking about weight, IVe got u problem for youse guys. 
Wann' hear it? 

jok: You? You ve got a problem for us? lial You never took phys- 
ics, you're one of those guys that s always taking snap courses. 
What do you know about problems? 
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bob: Well, stupid, I heard this one on the radio. M^f^e you smart 
guys can answer it for me. 

bill: O.K. shooti ^ 

JOE: Yeah. Go ahead! ■ . ' ' ^ 

bob: Well, h?re it is. Let's War you scratch your brains on tliis / 
one. Which is heayiei-; a 'i>9und of feathers or a pound of 

gold? : ^. , _ , -r^ ' ^ : ' 

bill: Why, that's simple, anybody knows that gold is heavier than • : 
feathers. 

bob: Ah, I knew you'd get caughfon that. Listen, dummy, I said, 

which is heavier a pound of feather-, or a pound of gold? See, . 

there's a poumi of each, ^o . . . - they weigh the same. Why 

don't you wake up? 
joe: Oh, r see. Sure, a pound is a pound, so, I guess that's that. ^ 
iiarry: Wait a minute, smart guy, wai^ a minutel I just happen to 

know you're wrong. i **' ' ^ 

bob: How can I be wrong? A pound i^ a pound, isn't it? - 

harry: Now take-rt easy and I'll Explain it to you. First of all you 
must realize that you are living in a country that has a pretty 
screwy system of weights and measures. • - 

joe: What do you n*ean? .You mean to say that our good old 
United States of Anierica is screwy, or rather that it has a 
screwy system of weights and measures? ... Well . . . 
I've heard it said that we are Ihe most efficient nation on the 
face of the earth. • 

harry: Listen . . . dummy . . . you've, been believing every- 
thing that^ the newspapers and politicians have been telling 
you. But did you ever take the time to look into the situa- 
tion? Did you ever take the time to study the stupid, ridicu- 
lous . . . and obsolete setup that we have? 

bill: Co easy on those big words there, Harry, remember we 
haven't been to college yet. 
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karry: Well, then to get down' to your level » ... Til say 

it's just plain . . . siUyl ^ .. ' / ^ 

joe: O.K. . . . O.K.'. . . Now "Professor" ^plain th*. correct 
• . answer to .the problem! , / ^ 

harky: Well, firsf(pff . . the pound of feathers. is the Javier. 

JOE. Haw . . . haw. *' 0' i / 

. '» . ft " ""^ '■ ' 

ll: I also say haw . . . hawl . ' * . ^ 

■ ■ ^ . ' , ' • • 

i\Y: Listen . . .. let me finish .... it so happens that' thenfe 
are two'k^ds of pounds'in tfie English system of measure- 
ments with which this country is still dieted. Did you ever 
(happen to hear <about troy, or apothecaries* weight, and avoir- 
dupois? ^ 

bob: Well . . . well . , . this is confusini . . . but amusin' . . . 

harbV: No, it isn't amusing .... it's tragic! Listen, one of 'these 
pounds Iras tweWe ounces ij^ it, while the, other has sixteen. 
Now to get down to brass "ficks— a pound of gold contains 
oi^ly 5,760 grains, while a pound of feathers contains 7,000 
grains.^ Some difference, isn't it? 

bill: Well I'll be darned. 

V 

joe: Do you mean to say that we've got to put up with that kind 
.of thing? Why a^'pound" doesn't mean anything unless you 
know whether you're supposed to weigh something with a 
certain kind of, pound. You always haye. to stop and decide 
what kind of '^ound" to use.* 

KARnv: That's right. . ' 

bob: -Yeah . . . but Jiow arc you going to know which is which? 

iLvmtY: Well . . . )ou can always write to the U. S. Bureau, of 
Standards in Washington, tmd they'll probably send you a 
book of some 500 pages of fine type,, and you may if you are 
lucky enough find what you are looking for in there. Do you 
know that there are probably not more than ten Americans 
who can define half of the units used in the English system? 
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Did you ever hear about such things as scmptes, j^enny- 
* weights, drams . . . short tons, long tons, 'and hundred- 
weights? ^ . • 

I'joEr Yes, yes ... do tell us more, (aside to othems) The boy is 
" ♦ really getting warmed up*,, isn't he? 

iiaahy: Why,, there's no rhyme or reason to it . . . take the units 
of length, they're just a hod^e-podge. The foot came from 
the length of a king's foot, the inch . . . the thickness of a 
man's thumb, the yard . . . the distance {rom nose tip to the 
' / * tip of the "^humb . . . and so on .'^ . and so on. 

/ 'BOB: So what? What difference does it make how they, origi- 
nated? * ' ^' 

f 

HARRY: Simply this . . . that there is no easy way to get from one 
'•unit to the next larger or smaller one. Take this problem that 
Bill has started to jvark— brie of the dimensions that he has 
V ' is "one foot and ^even inches." Change that into feet and 
/ what do you g^?' . . . one and 11/12 feet. You see, right 

away you gotta start working \vith fractions . . .^and who 
likes to work with fractions? 

« 

bob: Not me, not me . . . take 'em away . / . take em away. 
Fractions were nearly my downfall in math . . . why . . . 
ril bet I've spent ... in fact, I know iVe spent 20 per ceh/ 
of my school time just battling with fractions. \ s 

harry: Well, brother, you'd better sit down in a chair, cause I'm 
^ . going to tell .you something that raay cause you to faint. Now 
take the tnettic system . . . 

Hii.i.: You take it . . , one system ir enough for me. [Sii^ • 

harry: You re right . . .^vou're absolutely right . . . one sys- 
tem is enough for anyone. But when you decide on that one 
svstein, you want the best, don't you? . . . you want it to 
be the b^jsf ... the most modern ... the most up-to-date 
. . . anjfl the most scientific system there is . . . don't you? 

hill: SureT" . sure. 
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iiahry: Y^s . . • and doat forget to throw the old one away . . . 
befcause it will mean Just a whole lot more work for you to 
try and use l5otk4itthem at the same time. { 

*bob: Say • • . thats just the iness wVre in todjity, isn't it ... . 
right here in these Unite^ States? Were trying to use two 
systems, one a new one • • . ^nd the other an old one which 
we inherited . . • and which has turned out now to be 
pretty obsolete too. \\^hy . . . that makes just twice as much 
work for us in school without being able to accomplish any- 
thing which we couldn't accomplish with just one system! 

Bux: Twice as much work, did you say . . . why it's more than 
that . • • it's at least four times as much work . . . because 
not only do you have to learn two systems, but you have to 
S^i^i^n to change readings from ^ne system to the other, and 
vice versa. 

» 

joe: You tell eiyi ... that changing from one system to another 
and back and forth is a lot o^ work . . . Seems^e we have 
tp do that all the time in Physics. 

harry: Well boys . . . You re coming arojund to my way of 
thinking. Listen ... if we would adopt the metric system 
all the way down the line, like the scientists do, for measur- 
ing weight, length, volume and temperature, etc, we would 
just *about throw fractions clear out the Window . . . and 
you will all appreciate how much easier that would make the 
work of everybody from the youngsters down in the grades, • 
all the way through school ... in Inisincss . . . commerce 
. . . manufacturing . . . m the kitchen ... in fact, every- 
where . . . and for everybody. 

jok: How come? ^ 

HARRY: Because in the metric system alLunits arc in multiples of 
ten . . . one unit is ten times Wger than the next , smaller, 
ami one-tenth as big as the next larger ... so we can do 
most of our work with decimals. If we want to cliange from 
one unit to the next one it is simply a matter of shifting the 
decimal point one way or the other depending on whether 
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we are ijoing to \x larger or smaller one. Take <Jiis problem of 
Bjll s hSe ... if those meusurements had })eeir given in the 
metric system he coi^d work the problem in less than one- 
tenth of the time that it will take him with the measurements 
^ as they are gi\ on there now in the English system. 

bob: VVell\. . Til say Ave ye been gyppett . . . wove been some 
pretty btg^ suckers. . » \ and by 'Ve," I mean all Americans 
who have been hande,d such a condition . . . why we Vc 
been made to^^o^wurs of work in school that weren't neces- 
sary at all. . . Havei/t we? 

bill: That's very trnel 

joe: Well, why don't we do something about it? I'd say we'd be 
e\en more stupid unless we did! Wh)', may I ask, hasn't 
somebody done something about this before . . . and saved 
us all this work? 

hahhy: Well . . . you know h6w people Are . , . you remember 
' that statement \i the l5eclaration of Independence where it 
^says , . . All experience has shown, that mankind are more 
disposed to suffer, while evils are suffcrable, than to right 
tliemselves by abolishing the forms to which they are accus- 
tomed. 

jok: , . . Will you say\liat again please . . . and say it slow 
, , , so everybody will get it, 

iiAUHY: Suk-e . . . All experience has shown, that mankind are 
more disposed to suffer, while evils arc suffcrable, than to 
right themselves by'abolishing the forms to which they are • 
accustomed. * 

hoh: Well, if yon ask tne, it looks like there's some abolishing to be 
done around here. Looks like education could hv simplified 
a great deal . , . doesn't it? Guess I'll have to write to my 
CorVgressinan and see if I can t get him to pass a law. 

Hii,!,: Sav . . . that's a mod icloa . . . and wo'll have to do what 
wc.can to wake up the public to the situation . . . seems 
hke tlievVe been sleeping fo>-ti long, long time. Tl^ey'U have 
to he educated too ... to our present needs! 
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jc^: Yes . . . and think of the childien just starting to schoo^ 
. . . vvouldnt it be fine if we could save them from going 
through all the unneces'sary work tiiat we have had to do 
. . . think of our own children . . . and of our childrenV 
children for generations ^o come . . . unless we do some- 
thing, thev will be condenmed to use the same senseless stu- 
pid system as we have. 

HARUV: Well, boys . » Tm ^hd to find that Vou are wide awake, 
now. And in behalf of the high school phj sics classes at Man- 
kato High School I want to invite you to join them in their 
efforts to get the ball rolling on this problem — talk it up 
whene\ er \ ou get the chanfce,*. . . sell your parents on the 
need . . . begin at homel If every 1)oy and girlin this school 
would sell their parents on the need for this reform, we would 
soon ha\ e the necessary public opinion to bring about the 
change , . . because if you can just get people to stop long 
enough to tliink the matter thr(^ugh . . . you could trust to 
their good judgment to bring the change about in short or- 
- der. (ArniKVCK applause) 

A\NOu\f:ER: From the stage of the Nhmkato High School Audi- 
torium, Mankafo Schools on the Air, a KYSM public serv- 
ice program, has presented members of tlie High School 
Physics class(\s in a special ^script written by C. J. Arnold, 
High School Pliysics Instructor. Heard in the drama were 
Jim Tschol as Joe, Conrad Faber as Bol), Joe Kieninger as 
Bill, and Jim ('arlscm as Harry. The production was under 
the direction of Miss Lucy Joyce, sponsor of the High School 
Radio \\ orkshop. Tlie members of this group would appre- 
ciate your redaction to todays program. Drop a card to them 
. . . addressed to this station or to the High School, letting 
theiu know wlu^ther yoii are for or against tlic changes wliieli * 
ihvy |)rop()S(\ If you know of anv chib or ^ocictv which 
.would ])v int(M'jst(Ml iu liearing more* a])ont tlii •e])lem, tlie 
class will In* glad to S(Mid speakcMS whenevcM* possible. If vou 
h'dw any (jucstions, feel free to svud ihviw in. Now here is 
Hoi) Swanson. thv Mankato High School Radio Reporter with 
today s hi^h school news. 
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student: (news as time permits) 

ANNouNCKu; Tluink you, Bob Swanson. Tomorrow morning at 
8:43, Mankato Schools on the Air will present "Wealth and' 
Health," a visit to two important departments of every high 
school . . . the Victory Sales Department and the Health 
Department. So, join us tomorrow morning at fi:45 wlfcn you 
hear the sound of the school bell ... 

Soi</u/c sc:hoolbkll HINGING . . . wulcr 

avn'ounceh; It's then you hear . . . MAKKATO SCHOOLS ON 
. ^ THE AIR. 

SuWUrV; SCHOOL BELL HINCING . . . UP'FOR FILL 

Girls Are for Metric, Too"* ^ 

C. J. AUNOLD 

TiiK second in a series of radio scripts for promotion of the metric 
system h\ the Director of Audio-Visual Education of the pul)lic 
schools of Mankato, Minnesota. 

Characters: 5 girls — Beverly, Marion, Dolores, Marjorie, and 
Donna.% 

uoxna: Say, girls, did )'ou hear that fadio program awhile back 
tliat some of the bo)'s from the high school physics class put 
on aJ)out the metric s\ stem? 

\!ahjohif: You mean that one where they said how we would be 
su\ ed 2iyi of our school \\x)rk if we discarded the English sys- 
tem of measurements and used the metric system for every- 
thing. 

donna: Yeah! ^That's the one. What-'did you think of it? 

Doi.OHK.v: Well 1 thntight th(A' used some pretty strong language 
w'hvw thcv said our present system was scrc^wy, tnid let s see 
— what t^lse did th(^y call it — oh, yes, they said that the Eng- 

* ^ (^luitenl by prrnu-ssiiiii nf C J. AriKjlcL 
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lish system was obsolete, stupid, silly» ridiculous, and a few 
, . other things. 

MAiuox: Well, if you ask me, they weren't very tactful. 

HEVEHLY: Why not? 

MARION: Well, becausfe they were cri]^izing the ways of our eld- 
ers in no uncertain terms and Tm afraid they won't like it 

BKVERLY: I know, but what they said was the truth, wasn Mt? 

MAHioN; Granted, but you know how adults are, don't' you? The^ 
caii be cjuite difHciilt at times, -You ha\ e to know how to han- 
dle them, don't you know? YouVe go^o be \ ery careful you 
don't makcp them '*mad'' and more set in their ways than ever. 
You know\lu)w some of them feel — as they would say, **Well, 
• '\we lived through the English system; so can you/' And be- 
sides they would say, TLook how well we turned out^ and 
CLook at what a great country we majle the United States." 
Huh, you would think to hear them talk that we are what w^ 
are today Ix^cuuse oi our having used the English system in^ 
y stead of \n spUii of our hating used it. Some of them are in- 
clined to be for(*ver wanting to preserve the "status quo" and 
iv^ainst all progressive change. 

iK.)NNA; Yes, that seeni.^^oo hard to understand at times. As we say 
in pbysios they seen to have inertia — continuing to go in the 
same straight line' until acted upon by some outside force to 
change their direction of motion. We sure need some force 
to act on the general public today foVhange their direction. 

mahjohik: If we could just get the public to thhik about the [rrob- 
IcMU, I tlunk they could themselves supply a force of sufRoient 
inteUigonce to iiLke the change, don't y»u? 

MKVKMi.v: Sure. Wlien people buy new cars, tliey have to choose 

between going on with their old cars and learning to use the 

iww on(\s. That's all they have to do now — choose between 

an old nmdel and a nvw o\h\ 

t ^ 

MAHION; *\\\A\ this situation is a little (lifferont because right now 
as far as incasurt'inonts are coiiconu'd we are using two sys- 
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terns at one time. Our proMem is to discard the old one and 
apply the new one for all uses. Thaf, / know would save us.a 
lot of confusion and a lot of work. 

IX)n.\a: But some say we should stick with the EngHsh system ?)e- 
cause we started out with that one first — and keep away from 
this new-fangled system. They belie\e we should be royal to 
' the *vays of our ancestorsj — the\ hold that what was good 
enough for our fathers is good enough tor us now. 

iX)LORES: The only difficulty with that is that times change and 
progress ijft^made. Tli^ metric system is a scientific SNStoi;; a 
lot of study and^wqr^ Ivis^t?en,put in on it to make it as near 
an' ideal systen^as it [is j^bssible to- make it. 

MAHio.v:' It seems t^ ha,ve be^n just what the scientists wanted be-* 
cause it is the'isystem ui?ed in practically all scientific work. 

MAHjoaiE: Not only is it u«ed by the scientists, i)ut most all of the 
new industries ha\'e adopted it, and many of the old indus- 
tries are trying to put i*; into use too. Radio, for example, is 

all metric. ^ This station broadciists on kiio- 

c\''ch\s, and its wa\'e length is given in meters. Motion pic- 
ture fihn is rated as 8, 16, or, 35 millimetors, \Vc buy our 
electricity in kilowatts instead of horse power. 

hkvkhi.y: And giids, did you know that in most hospitals they 
weigh j|ewborn babies in the metric system, but annotmce 
the weight to tlie parents in the old units to avoid misunder- 
standing and confusion. 

DONNA: Yes, and hospital patients arc as a general thing fed by 
the metric system. They are supposed to have so many grams 
. of this and so many grams of that — and so many cc/s of 
wu'ions liquids. Of course, as you well know, whenever the 

N doctor giv(\s ai^ inoculation, it's always so many cc. s of vac- 
cine, Oi* whate\ er it is that they shoot into you. 

mahjohik: And did you know that when they take X-rays, all the 
measure'inei^ts ar(^ made in metric, usually centimeters? 

HFAKiuA: The fact is that the metric ^system is crowding in all 
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around us, so that it is Just a question of !how long'it will take 
before* it replaces tlie English system for every use. As the 
saying goes, "E\xnitually, why not now?*' 

iK)i.()UK.s: A change alwaj's takes time, so maybe we should say, 
"Esentually, why not pretty soon?** 



MAUjoHiK: Seems to me an effort should be made to speed things 
up, partiarfiirly the discarding or outlawing of the old Eng- 
lish system. 

MAHioN: Gee, V\l sure be glad when we use the metric system in 
our kitcliens. Can you imagine anything that will contribute 
more to success in baking than having a scientific system of 
measurements. Imagine how much better it will be to meas-. 
^ ure in cc.'s instead of spoonfuls and cupf uls. You know how 
that works out, Bevejly, because you have done it. 

HKVKHLY: Yes, I've 'worked out quite a number of metric recipes, 
and what s more Tve tried them out on my family~and 
they re still \ ery much alive. You know, I think it's going to 
!)e vers- nice for us girls when we can get rid of that double 
standard Knglish system — with its two kinds of pints — the 
dry pint and the hquid pint. It's all very confusing because 
the dry pint is bigger than the h(Juid pint and lots of times 
it's hard to tell which one it is suppos(?d to be. The hquid 
pint is only about 47 cc. s, while the dry pint is around 55 
cc/s. That is quite a difference. 

/"^^Doi.oHKS: It's' the siuuv- way with bushels — the farmers sure have 
^ a hard .time keeping the^r bushels straight, usually have to 

carry a little book around with them. One kind of bushel lias 
32 pounds, another 48 and so on and on, to make about a 
hundred different si/cd bushels. And its pretty much the 
same for the other English units. 

MAHiov: Yes, it's a bad situation — but getting back to the kitchen, 
Ev (Tvone has acceptc^d the metric system when it comes to 
dieting. hav e figured out how niaUy calories there are in 
all tlu^ ydifTtnent foods — so we need to get used to weighing 
food yfortions in grams and computing the calories per gram. 
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And when it comes to other essential ingredients in our diet 
such us minerals, we find them weiglKJd in the smaller metric 
units such as the milligram. 

MAiijoiUK: But I think that one of the nicest things will be that 
when we adopt the metric system in our kitchens we will do 
away with fractions — no more 1/2 teaspoons — or 1/4 cups — 
or 1/8— or some similar measurement. Instead it will be 5, 
10, 15, 20 or so cc. s, just as they do it in the research labora- 
tories. 

biijvkrly: It seems to me that we girls should use the metric sys- 
tem so that we will be better able to understand and visual- 
ize scientific magazine articles about food studies. Then we 
would be speaking the same language as the technicians use 
in their laboratories. We would be able to visualize the 
amounts referred to, and so we would be better able to do 
our all important job of preparing the food for our families. 
We've got to prepare balanced meals. You know, I don't like 
it the way it is now, It seems to me it is a reflection on the 
intelligence of the housewife. The experiments in food nu- 
trition are all worked with the metric svstem, but when the 
results are published they are all changed to the old system 
because tliey are afraid we couldn't understand them. How 
dumb do they think we are anyway? We studied the^metric 
system in school and what's more we like it — 'cause it makes 
good sense. Why look at some of the silly and unscientific 
things they pul)hsh for our supposed benefit. Here for exam- 
[>\v is a sample— "One slice of brc^ad contains 100 calories/* 
How big is a slicsg of bread, I ask you? Why it can be any 
sv/x\ \\\\\ don't they say exactly how nnich bread and be 
sci(uitific about it? 

MAKjouiK; Yt\s, that's just like soiw of the recipes, iVe seen, where 
tlu^y sa\', "Take the juice from one orange.** There certainjy 
is no exactness about that. Its hard to find oranges of* the 
same si/e and e\en if you did some would have more juice 
than others. Why not say, "take 10 ce.*s of orange juice**? 
Let s do away with such uncxact luea.surtMnents as, "one egg/' 
or 'one potato" or "one tomato/* Lets specify the exact 
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amoiuit and say for e^xample, "5 grams of potato/* When 
hoUsewiN es start using exact measiiremeritis like that they can 
expect to get uniform results in baking, just as the scientists 
do, and just as tliey do in the large bakeries. They know that 
if they always use the same pto portions in making a cajce 
they will always get the same results. 

MARION: You know, we- should follow the example of the scien- 
tists, because our Work in the kitchen is becoming an exact 
science too. When they started they were using exactly the 
same measurements that we use in the Icitchen now — tea- 
spoons, cups, and what have you. I move that we throw the 
old system out and put the metric system in for everything 
from "soup to nuts" so to speak. 

donna: Well, I do too, but what ,can we do to speed the day 
along? 

iK)i.()RES: We will have to do our part in educating the public so* 
as to build a strong public opinion to help bring the neces- 
sary legislation about, ^n fact, iVe prepared a statement 
which I would like to read into the "records" as it were — 

DONNA; O.K. Let s have it. 

noi.ouKs: When the women of America are convinced of their re- 
sponsibility in bringing about the change from the old obso- 
lete units of measurement to the more modem and scientific 
ones, there are several avenues of action open to her: 

FIRST. She can talk the matter up with her neighbors, in 
her dubs and other organizations to which she belongs — al- 
ways insisting on action. She should have her organizations 
go on record for such a change. ^ 

SECOND. She can exert great pressure because she 
spends the greater part of the family income — by asking for 
, things in metric units — slie can express a desire that things 
be offered for sale in these units. If enough women do this, 
the (nitorpriiiing ineit:hant and mannfacturer will quickly re- 
spond to satisfy her rec^uests. Competition will cause him to 
lahc^l his goods, at first, in both units as some do already. 
Some wili begin to feature recipes in the metric system. 
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E\entually, the bid system will disappear. lif the women of 
America said the word the change will come in short order. 

THIRD. She can write to her legislative representatives 
and let them know her wishes. Laws will have to be passed, 
and thev will be passed when enough women ask for them. 

FOURTIL She can insist that the Federal Government set 
I an- example for . th&. rest of the nation. Since the metric sys- 

tem has alreUdy been made legal by Congress she can ask 

• hof gov ernmei tal representatives to insist that all govem- 
ment business and transactions of all kinds, wherever possi- 

• - ble, be in the metric system. 

BEVERLY: I agree with you lOOTr. 

mahion: I beltCxc tliat tliose who come after us will appreciate 
our efforts to give them a modern and scientific system of 
measurement just as tliey should . appreciate the efforts of 
Tlioinas Jefferson in gi\ing us a similar system for money. 

DOLOHES: And I beheve that they will appreciate just as much the 
removal of tlie present English units in conmion usage as we 
should 'appreciate the fact that we don't have to labor under 
the cumbersome Englisli system of money with its pounds, 
sliillings, pence,- etc. Don't yon? 

BEVERLY: Yes, I believe you are absolutely right. And I think it is 
better to have one good simple system like the metric and use 
' it for exerytliing than to have to learn two different systems. 
To use two systems is bound to cause unnecessary confusion 
in changing units from one system to the other. This is fool- 
ish especially wlien one of the systems is already obsolete 
from the international point of view. Did you knox^that 75 
per cent of the entire world's population is now using the 
metric system and that 5o\n\t of the 57 so-called civilized 
nations in the world have made its use mandatory? I'm 
ashamed that we are one of the two backward nations still 
hanginu on to our old ways simply because Wv3 haven't 
enoiigh iiidix idual ii>itiati\ e and enterprise to cast off our old 
metliods and takr full advantage of benefits to be derived 
from the complete use of the newer scientific method. 

I- 
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MARION: Bravo! 



MARjORiE: What do you say we go to work on iti 

donna: And see if we can't help in bringing about the change. 

DOLORES: You can count on me. 

BEVERLY: I'm all for it, too. 



Clubs ^ 
The Metric System* 

ELEONORE F. HAHN 

The adoption of the Metric System by the United States of America 
icould greatly reduce labor in trades because of the thorough decimal 
quality of the system, bnd would facilitate teachCng of mathematics 
ana applied sciences in school, 

Charles W. Eliot 
\ Late President Emeritus 

Harvard University 

i Y*^SADVANTAGES OF THE PRESENT SYSTEM . 

We knovv 'i^ere is no royal road to learning," but we can find a 
method \yhich will relieve ^he burden and ease the path, and that 
is to "tur^ the tables." Let/ the simple decimal system, the metric 
system, l?e removed from its place in the background, and the old 
heterogeneous mixture be relegated to oblivion. 

Educators state that one year in the arithmetic school-life of 
every American child could be saved if the metric system re- 
placed our present complicated tables of measurement, arithme- 
tics in metric countries being on<?-half as large as ours. Since there 
are over 25,000,000 public school children in our country, the sav- 
ing in time and money would be considerable. Even more im- 
portant is the relief granted to. the children from the dreary 
drudgery of committing to. memory illogical and unconnected 

• This article was circulated in. miincograplied form among clubwomen in the 
United States by t}iu General Federation of Women's Clubs in 1944. 
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terms. In addition to the great variety of units, there are numer- 
ous meaninglesis figures which the child-mind must acquire and 
retain: (or example, 5,760 grains in a pound troy or apothecaries* 
weight; 7,000 grains in a pound avoirdupois; 5,280 feet iri^amile; 
231 cubic inches in a gallon; 2,450 cubic inches ijH a bushel; 1,^28 
cubic inches in a cubic foot. These cumbrous figures must be 
used in different calculations. How easy to make an error in com- 
putation e\en if Hie mind held the different figuresl , . 

SIMPLICITY OF THE METRIC SYSTEXI 

Our Englisli system has a vast numbei^of unjts; the metric sys- 
tem has hut three— tiic meter for length, the liter for capacity, 
and the gram for weight. While our system involves the use of 
unwield) common fractions^ the metric calculations are alj deci- 
mal, tlie ta])les jllanned like. our currency; the main unit has sub- 
di\ isions of thousandths and hundredths, known by the Latin 
prefixes mill- and cent- ( already familiar to us through our cur- 
rency). While there is no relation between our units of length, 
capacity, and weight— for example, the yard, the quarts the pound 
—the metric units of capacity and weight are formed from the 
measures of length: the meter, which is 10 per cent longer than a 
yard, is the standard unit from which all others are derived; the 
liter, whig!) rqilaces the dry and liquid quarts, fills a container 
measuring 1,000 cubic centimeters; and the gram is the weight of 
1 milliliter of water. 

Six statements comprise the whole system. They are as follows: 

LENGTH * 

10 inilliinotcrs (mm) ^ 1 centimeter (cm) ^ 
KK) c(Mitimcters (cm) 1 meter (m) 
\m) meters (m) ==1 kilometer (km) 

Capacitv' 

1.000 milliliters (ml) — 1 liter (1) 

l.()(K) urains (tj) ^1 kilogram (kg) 

l.(H)() kilognirns (kg) } metric ton (t) 
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THE METRIC SYSTEM IN THE UNITED STATES 

^ In 179£, the United States, discardfed^be cumbrous English 
currency of irregularly divided pounds, shillings, and pence, and 
adopted the metric decimal dollar; but thie legislators nnfortu- 
nately failed to adopt the three metric linjts of weights and meas- 
ures, meter, liter, and gram. In 1866, Congress legalized tlie met- 
ric system, but missed the opportunity for complete simplification 
• by not making it the exMusive standard. 

TIIE METRIC SYSTEM IN USE 

The application of the decimal to weights and measures origi- 
nated in 1783 with the British inVentor, James Watt, who thought 
.__out and suggested the decimal system as the way out of the in- 
tolerable confusion caused by^he lack of a world language for the 
expression of quantity. 
^> Fifty-five nations, one after the other, discarded their local 
measures and adopted the metric system. Of all the civilized 
world only tlie two great English-speaking nations cling to out- 
grown, unwieldy methods. Uncle Pam and Cousin Johi) Bull must 
realize that certain important units of measure used in the United 
States and Great Britain which bear the same name are not ac- 
tually the same, thereby causing confusion and loss of eflRciency. 
The change to the decimal system of weights and measures in 
place of the customary irregular and complicated so-called Eng- 
lish units would simplify ever)'day dealings, both commercial and 
other transactions. The calculations made essential by the trans- 
fer of one system of weights and measures to the other in import- 
ing and (wporting goods vansc a great loss both of time and of 
money. 

Tlie i/cir\Q system is now used in the United States by the U. S. . 
(^oast and Geodetic Survey in basic triangulation survey of the 
eoinitrv and hy the army in design and armament; exclusively in 
electrical measurements; generally in laboratory and other scien- 
tific practice: by numy physicians in prescribing medicines, and 
lu^nce by pharmacists; and in international athletic events. 
A recent survey of metric usage in the United States shows that 
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educators are nine to one, and manufacturers are two to one, in 
favor of metric usa^e. ^ ^-^ 

The manufacturers who are opposed to the adoption of metric 
measurements fear the initial expense in converting or replacing 
ineasiiriiig apparatus, tools, and machinery in general; but expe- 
rience has shown that the change can be gradual and pays for 
itself in improved trade relations. Those factories that have made 

tthe change testify that the expense was outbalanced almost im- 
niediatelv by the sa^'ings incident to the use in commerce of the 
easily computed decimal system. World War I proved the facil- 
ity with which the United States coi;ld change to metric measure- 
ments. Inr World War II the manufacturers have had to make 
new machines and new machine toqls to turn out the new prod- 
ucts required by the war. Here was a great opportunity to switch 
from feet and inche^o miUimeters. As a matter o£ fact, they did 
make some switchovers, to which tlicy paid little attention under 
pressure of war. Right at this time many plants are producing 
37-niillimeter cannon, 75-millimeter field pieces, 90-milhmeter 
mms, 105-millinitter howitzers, and 155-milhmeter "long Toms"; 
and they make ammunition to fit. This requires machiiies and 
machine tools built to metric measurements. 
The full adoption of the metric system by the United States 

* would he of great benefit to this country in postwar reconstruc- 
.tion; in promoting commercial relations, particularly with the 
countries of South America, Continental Europe, and Aj?ia; and 
in providing for the operations of world trade an international 
language. 

Rcsohitions in Faxor ol the Metric Sy.stein 

THE GF.NT.RAI. FKDKHATIOX 
OF WOMKN'S Cl.rUS 

Ai'THK Auuual (.'onvnition of tlie (JoncM'al FedcM'ation of Wom- 
en s f:hil)s hc\d April 25-28, 1944, in St. Louis, the following reso- 
luMon was introduced and adoptt^d uuaniniously hy the delegates, 
l*liiife()r<i;ani/atitju reprcscMJts 16,500 clubs and 2,500,000 individ- 
ual nienihers. 
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Whereas, the irregular, numerous, unwieldy, and complicated 
uiiits of weights and measures used in the United States and 
Great Britain are a hindrance tp the teaching of arithmetic, every- 
day cpnnncrcial transactions, and world trade, and 

W'nKHKAS, the metric system of weights and measures has only 
three units; meter, hter, and gram, interrelated and decmially di- 
vided hke our dollar, and • , • 

\VHEni:AS, the metric system is now used in the iJnited^tates in 
science, some factories, jewehy^ ^irid optical industries, all elec- 
trical and radio measurements, athletic events, some hospitals and 
government departments, and especially at present in the manu- 
facture of ammunition, and 

V/heriias, the Council on Pharmacy and Chemistry of tliC 
American Medical Association has recently decided that hence- 
forth it will vise only the metric system, and 

W hereas, the gradual introduction of the metric system in this 
country (exactly as it has been introduced in 55 othei; countries) 
is feasible, and 

Whkreas, the full adoption of the metric system by the United 
States would be of great benefit to this country in post-war recon- 
•struction, in. promoting international commercial relations, par- 
ticularly witJi the countries of Latin America, Continental Europe 
and Asia, therefore be it 

Resolved, that the General Federation of Women s Clubs in 
Convention assembled, April, 1944, endorses legislation in Con- 
gress for the nation-wide adoption of the metric system of weights 
and measures. 

The foregoing resohition was drawn up and presented by 

Kloouorr K. Ilahu (Nfrs. Otto Hahii') 
Mnjihcr of tlic Board of Directors 



TIIK^ilOTAHY CLUB 
M A N K A TO. MI N' N KSO'I A 

Mkiiu( Hksoi.ition: 'I'Ik' Rotary Club of Nhuikato, Minnesota, 
ha\ iii<; (lisciissed the merits of the metric system of measurements 
aiul bcliii'vini!; th<' re[)laci'mc^it of the p]nglish system l)y the met- 
ric system to bo highly desirable in order to bring about a sim- 
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plificatiQi) in Education urges ;thc pnsideration of the adoption 
of the nietrifc system by all Kotary (Hubs in the U. 

WheheAsj a.treud in the U, S. is indicated for the rcphicement 
of our old units of measurement with the more modern and sci- 
aentific metric units as shown by their use in most of the iibw in- 
dustries,, such as electrical, radio, motion pictures, pharmiceuti- 
cal houses, jewelers, arid optical goods manufacturers; and^ 

'Whereas, the metric system is used for practically all scientific 
work, and it might be desirable for the general pubHc to use the 
same measurements in order that they might become more scien- 
tific and be better able to assimilate easily and readily and under- 
stand new scientifio^facts and research; and 

Whereas, the full use of the metric system, which is a decimal 
\ system, will eliminate for all practical purposes cuittbersome and 
'unwieldy "fractions'' in mathematical computation/, thus greatly 
simplifying Education as well as Business and Commercial trans- 
actions and Living in general; and *v 

Whereas, our school children are at present handicapped by 
our dual system of measurements which necessitates their learn- 
ing two separate systems of measurements as well a^^e equiva- 
llents necessary for converting units of each system into the other 
thus making this part of their education much more diflScult than 
it need l)e; and ^ 

Whkueas, in a world where 75^ of its total population and 55 
of its 57 civilized couutries have already converted to metric us- 
age, witli no pr()l)ability of any of these countries adopting the 
Fnglish system; therefore be it • ' 

Rcsolvcel, that the Notary Club of Mankato urge congressional 
action at the earliest possible time to.bring about the Replacement 
of the obsolete English system of measurements with the far more 
simple and easy to learn metric system; and be it further 

Rcsolird that this ornanixation inx ite the consideration by all 
Rotary clubs in the U. vS. of this resolution and urge their adop- 
. tion of this or similar resolutions. 

Drawn up and presented by C'. J. Arnold. Keviewed by its 
Board of Directors. Adopted, 

John K. Meatzher 
^ President 

June 13, mC) 



20S THE METRIC SYSTEM 

THE KIWANIS CLUB , 
, MAXKATO, MINNESOTA 

Metiuc: Rksolution. At a meeting of the Board of Directors of 
the Munkato Kiwanis Club held at Mankato on June 11, 1946/ the 
following resolution was presented and unanimously adopted: 

Whereas, the advantages of the nietric systepi, w^jU knowa to 
scientists and muthematicians, vould 'be in fiarfhon)f with the 
simplification procedures which will be^a part of the post-war re- 
construction program, and 

W'nkHEAs, the metric :;ystem reduces all necessary computation 
in measurement to the operation? of whole numbers, thereby 
greatly simplifying the learning of arithmetic l)y children, and 

WiiEUEAS, there has been a long steady trend in metric adop- 
tion l)y 5o\{ the 57 countries of the world, and 

Whereas, there is no probability among the nations now on a 
metric basis of going back to the English system, thus nacessitat- 
" ing the use of two sx stems with the accompanying incouyenient 
and time-consuming inter-conversions instead of one simple sys- 
tem, and 

WiiKHEAs, tlie close* of tliis \va.r will furnish an oppprtunitv 
ne\er before presented, when customs and hal)its have ly^en torn 
Jux)se from tlieir ruts, 

Thrrrforc He It Resolved that tlie Kiwanis* Clul) of Mankato go 
ou rec.ord as favoring sunie form of legislation for immediate met- 
,ric usage in those lines most feasible for metric adoption. 

Drawn np and prcse^nttal by 

A, P, Krost 

Secretary 

. THH i.ioxs ci.un 

NKW CANAAN. CONNKCTICl'T 

TnK Lions Club i)f New (laiiaaii, Cloimecticut, having studied tlio 
merits of the Metric Svstcm and believe it to be of great benefit 
to onf nation, the following resolution was 'thnefore unanimously 
adopted with tiu' rcfonnucndation that every effort be put forth 
toward its adoption by the Congress of the United States of 
America. 
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' HKSOI.UTIOV 

WiiKHKAS: All (4" the luitioiis ot the world except Great Britain 
and the United States of Amcriea now use the Metric Sv^iteni, 
which is not only far more simple and easier to learn but elinii- 
iKites tractions and puz/liijg nicasiueinVntv, and * '\ 

Wiikhkas: Some of the possessions of the United States do now 
use the Metric S\ steiu with success, itiul 

N\ HKHKAs: Most of the mm ih the arnu>d forcrs have !)e€ome 
faiinh'ar w ith aud^^^^uow using the Metric System, \uk1 

\\ HKHKAS: Most of the maehiiierv yow used for war work will 
of necessity h^ivcto l)e changed for post Wi^r, and • • 

WiiKHfcAs: In dealing wifli pther nations with which we hope 
to trach\ th(»y will demand of .ns the same measurements tliaf they 
now use, and ^ . 

W'nKUfciAS: Many tnannfactnring plants already use the Metric 
S\st(Mn, likewise. pl>annaciMitical houses, jewelers' aud^ optical- 
goods mainifac^tnrtMS, ani^ 

\\'hkhk.\s: Many of the imivd industrialists, world tradesmen 
and (^(Incators are ardent supporters of the Metric Svstcm, there- 
f()re he it ' > 

Ih'.solvcd: That the I. ions Clnh of New Canaan, Connecticut, 
rcconnnends []\v adoption of the Metric System to heaised in the 
rnit(»(l States ot America, and he it further 

licsohcd: 11iat (»\cry (effort he put forth toUard the establish- 
wn^nt of the Metric S\steni 1)\ (;oniir(\ss. 

W'ilhnr J. Dixon 

/ nh'rnotional (loumcUor 

\V. il |. iManten 

(UWt.K lo MKIHK AM) Ol H rUH PHKN W U.I. lUSK VV 
AM) ( I S lU.K.SSKI) 

*I*h(^ I. ions (.1ul) of New Cm. mm. ( oiniccticdt are pleast^d to 
siihuiit th(' tollou iu'j; in conjiiiK tn)ii \* \\\ its rcs(*)hition re<j;ar(liiu»4 
the metric sx.stcni. 

\\ V Anici icans cf)nsi(lcr oniscK cs lo Ix- (juitc as pro^rcsvv e and 
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efficient as any nation on earth, We are impatient with outmoded 
methods aid are continually striving to outdo the other fellowi 
We ha\e streamlined our trains, ,vve ha\ e huilt^airplanes to carry 

• great loads, yet our airplanes of ioday will he ohsolete tomorrow^ 
and e\ en now we are building rockets with the hope that we will 
soon be' making contact with the moon, ^ ^ 

How we would resent an accusation that we were in any way 
one of the most backward nations of the earth, and in this one 
• thing" we are, that of (mu* system of weiglits and measures. All^of 
the world with the exemption of onrselves and Great Britain have, 
long since gone metricXand -England is now ui a state of transi- 
tion, \\*liich will mean tltil soon we will stand alone with the same 
outw orn system that wcf^ised in the da\'s of the? tallow candle and 
thv flindock musket. ^ ' ' 

\\e have de^ndpel^that metrics shall l)c used in Hawaii, Puerto 
Rico and' the Philippines, and if \vc think it sliould be uspd there 

^ why should we not use it here at hemic? We in the continental 
United States are indeed a divided nation in that many of our^ 
leading iudnstries ha\*e already adopted the metric system in the 
inter(\st of simplicity, accuracx* and trne (*conomy. In a single 
year they ha\ (? sa\ed ten times the cost of the new measuring 
dexices, Init the rest of us, on pur, farms, in our l)usiness, in our 
offices anu sclioj^^ls nmst wrestle with troy and avoirdupois, grains, 
scnipk\s and pennyweiglit, tlic three kinds of tons, th<* great num- 
ber, of kinds of busliels, and all kinds of fractions an(\ complex 
problcMus when it could l)e made as simple and easy as our s\ stem 
of moncv, ' 

We can onlv imagine the impatient exasperation of the other 
nations with whoui we attenipt to do bnsin(\ss wlicn they attempt 
to comprehend our complex and unfamiUar standards. How often 
now, and how much more in the futme will they prefer to trade 
with tlie other countries wliose standards of weight and measure 
are hke tlieir own. We can not afford to lose tlie markets of the 
world just because of onr unwillingness to get in step with all af 
the nations of the world (^xcept Great Britain. \ 

During the war we accomplished the impossible to the astonish- 
ment of the* world. Under ihv spur of necessity we devised new 
methods and ac(|uired new skills. 
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N<l%v that th ^ war is over we are coijivertyig^our whole ecoiion)v 
to the art of peace. Shall we, who in war made so great an ad- 
Aancement, ^.onfi^ss ourselves unwilling to bring into our schools 
and business that short and accurate method of metric which will 
cause our future generation to rise up and call us blessed? 

Let us liot plit off until tomorrow what can and should be done 
today ])ut put all of our energy into making this world a little 
])etter because we have lived in it. Let us make history now. 

\Vill)ur J. Dixon 

CJiairman of Activities Committee 
and Treasurer 
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NurnioDs OK NrAKiN(; -tiik change 
TO rill:: Mi/nuc: sysikV| hoiii in 

CKN'KUAL USE AND IN EDUCATION 

\ • 

m 

m - 

General 

The Metric vSystem; An Anj^lo-Ainerican Opportunily 

■ ' lIAiUlV ALIXX)CK 

TitK intensive developmont of aerial transport and wireless coni- 
iniinication is rapidly hrinmng the peoples of tlie world into closer 
contact, and it is accordintlvnot snrprismg that various attempts 
are iH'ing made to secure the adoption of a universal avixiliary 
language for common use in international Inisiness. It will bo 
recalled that Roosevelt and Churchill suggested what was known 
as Basic English for that purpose, but, as there are so many other 
proiHisals with the same objective, it must be iwlmitted that at 
become years must elapse' before general agreement can ha 
reached and applied. 

Meanwhile the esta})lishment of a single system of uniform 
units of weights and measures for the connnon use of^he pro- 
ducers, distributors, luid consumers of all products in afl coun- 
tries is an ideal wlych, owhig. to tlie progress niade in other 
countries, is now within the range of practical politics. It may 
not he generally realized that, while there are scores of languages 
of description, there are now, in effect, only two languages of 
(juantity in international connnercial use, namely, the British im- 
perial system (including^tain American modifications) and the 
international metric system of weights and measures. 

A comparison of the merits and claims of these two systems 
indicates that the world has already made its choice and justifies 
the confident belief that the metric system is destuicd to become 

212 



TOWARD WIDER USE 213 

the sole s\^^ In support of tlifit view it may be noted that the 
International ClttHi^j^r of Coriiniercc has .officially recommended., 
"that all systems of jj?^f5^4s^and measures, other than the metric . 
X\stem, be abandoned," and, siinilarly, that the International Busi- 
ness Conference at Rye, Xevv York, attended by representatives' 
of fifty-two nations, vesoU ed: "There shoyld be adopted for use 
in international trade a single system ofweights and measures, 
preferabl)' the metric systt^n/' 

Since its introduction by P'rance at the end of the eighteenth 
century' more than fifty other countries have establishcjd the met- 
ric as their soU* legal system of weights and measures. The ac- 
companying list is arranged in order of the twenty-year periods 
during which the several parliaments adopted legislation making 
compulsory the use of the metric system in their territories. 

Prrind Country 
Before 1820 France ( 
1S2()-1S4() Belgium, Luxemburg, IJolland 
IS4(MS()0 .Spain", (Colombia, Panama 

iSfiO-lSSO Mexieo. Portugal. Uruguay, Italy, Brazil, Chile, Ecua- 
• ; * (lor. Peru, (ItMinauy. ScMbia, Austria, Hungary, Czccho- 
sl()\akia. SwitzcMlaiul ^ 
ISS(M9()() Norway, .\rg(Mitina, Yugoslavia, Rmnauia, CA)sta Rica, 
Salvador, Sweden, Bulgaria, Kgvpl (partial), Finland, 
Boli\ ia.. Nicaragua, (iualeuiala, Tunisia, Ilondura.s, Haiti, 
" Paraguay 

l9()()'Ui2() IMiilippiiies, Denmark, Iceland, Vene/u(»la. Turk<»y 
Siiiee 1920 Poland. Malta, (ticcve, China (partial), Russia, Japan, 
Morocco, Persia, .Mghauistaii 
*' ' ' 

colonics and dep(Mid(Micies of the countries listed have also ^ 
naturalK lollowc^d the metric flag. The decision.s of the goxeni- 
ments of Russia, Japan, and China' arc* especially not(*worthy in 
that tlie\ represent a large portion of the world s population. Crit- 
ics of the metric s\st(Mu usc^d to say that it could never et^u to 
be an international systcMu so Jong as the Far Kast held aloof* 
That reservation is no lonujcu' \ alid. 

Tlu* further claims of the metric swsicMU include* tlu* following: 
1. In addition to beiitg r(*((uirc*d 1)\ law in the* abo\c countric*s, 
its use is now le^allv permitted in all other p/untries throughout 
llie eomnuTc lal v\ orld. 
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2,. Every country, when discarding its own national system, has 
selected the metric system; and no comitry, having once adopted 
it, has evqr abandoned it. % 



SCIENCE AND INDUSTRY 



3. The Report on the Position of NdtUi^al Science in the Edu- 
cational System of Great Britain (Cmd. 9011) states: "The pres- 
ent chaos of imperial weights, and measures causes waste of time 
and coafusion of thought, and that there are strong educational 
reasons for the adoption of the metric system," 

4. Scientists throughout the* world, including ^hose resident in 
countries where there is no legal compulsion to employ the met- 
ric system, have already adopted it as the basis of theif work. The 
desired intimacy of. contact between scientists and ijidustrialists^ 
would be promoted by their use of u common language, . / ^ 

NEW INDUSTRIES 

I • ■ 

5. The newer industries, in all countries, such as wireles? teleg- 
raphy and telephohy, broadcasting, and manufacturing of air- 
craft, scientific instruments, parts of motor cars, lenses, and so oh, 
express their Jprincipal dimensions in metric terms. 

Manufacturers contemplating the establishment of further new 
industries or of new standards in old industries should be Qncour- 
uged to* base their new designs on the metric system at the outset. 

EXISTING PLANT 

6. There would be no need to scrap existing plant and equip- 
ment used in production if the metric system was adopted. The 
description for sale in metric terms of goods made to non-metric 
dimensions is already the common practice of manufacturers 
whose products are exported to "metric" countries. Metric equiv- 
alents expressed even so approximately as to the nearest^whole 
millimeter — thus dispensing entirely with ^ the decimal point — 
could not differ from the original imperial dimensions bv more 
than one fiftieth part of an inch,* which is sufficiently near for most 



ERIC 



TOWARD WIDER USE 215 

classes ;of goods. For dimensions of closer precision, for example, 
for running machinery, the metric equivalent to the nearest hun- 
dredth part of u millimeter — in\olving two figures after the deci- 
mal point-T-represcnts oven greater refinement of accuracy than 
is 9btainable in modern factories where such work is now com- 
monly measured in thousandths of an inch, requiring the use of 
three figures aft()r the decimal point. (Purists sometimes attempt 
to increase the apparent difficulty of stating metric equivalents of 
inc]^ dimensions by emploxing jsix figures after the decimal point, 
notwithstanding tlic fact that the last four of those figures have 
no practical significance and may therefore be ignored.) [See 
pages 233-259-] 

ANGI^O-AMKmCAN OPPOUlUNrrY 

7. A study of the above list of "metric'* countries reveals that 
it now lies within the poNV(»r of the governments of tlie United 
States of America and of the United Kingdom to establish the de- 
sired uniformity of use throughout the entire world. The ex- 
pression United Kingdom is deliberately used here instead of Brit- 
ish Empire because the attitude of the British Dominions was 
clearly stated in the Dominions Royal Commission Report of 1917 
in the following words: 'Tliere is clearly in the Dominions a con- 
siderable bod)* of opinion in favour of the change [to the metric 
system]. So far, however, all efforts to induce the community of 
the Mother Country to agree to the change have proved una\ ail- 
mg. 

8. Tlic use of the metric system is alread\ legalized in both the 
United States of America and the British Commonwealth of Na- 
tions, and tlie time has arrived for tlieni to adv ance from passive 
permission to acti\(* enc'()uraii;(Mn(Mit, holding ultimately to legal 
coinpul^iniL If ueitlier th(* American (w)\ (*rnment nor the Britisli 
Co\crnm(Mit desires to take the initiative, the possibility of tlieir 
joint action should be nuituallv (»\amiued. If joint action cannot 
he arranged tlu» lead of (Mther would be followed hv the other to 
avoid its isolation from t\w rest of tlie world. ^ 

9. It is IK) lom4(M' a case of tlu* imperial system versus the metric 
system, ])Ut rather of tli(.* us(* of one system ouK* — tlie metric sys- 
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tvu\ — as against the contiiuied usv of two cojifiictiiiji systcMus and 
thv cousHjucMit waste of time ajid risk of (Mror in making ever- 
incirasing numbers of emu torsions to and from the metric system. 
No trader in 'Tmy nation (\vhether "metiic" or othei^wise) can now 
espape the ohh'gatioii to use the metric system more and more 
year hy year in order to gain and retain the good will of his actual 
and potential customers in **metric" countries. This l)eing the 
case, st(»ps shonid he taken to luisten the abandonment of all other 
systems rn order to sliorten the period in which mixed systems 
must still be nsed to the progressivel\ growing disad\ antage of all 
concerned. An announcement bv the American and British gov- 
ernments— tMther jointly or separately — that their po]ie\' is- ulti- 
mately to estahlisli tlie use of tlu* metric system for all purposes 
would do much to shorten the transition period. 

10. This urgent reform otight not to be set aside on the grounds 
that .there is insufficit*nt public demand for it. There n(*\'er can 
be a popular demand for such a technical objective, but go\ ern- 
ment inaction cannot be justified on 'that account. AVeiglits and 
measurcvs may be regarded as tools of trade which the g()\ (»rnment 
— and the government alone — can prox ide. Tlie American and 
British tradTng conununitids are entitled to demand that the.se 
g()vernment-pro\ ided **tools" are at least as efficient as those em- 
ploycul by their foreign competitors and custcMuers. Appropriate 
action at this time of recon\ ersion from war to peace would ])e 
interpreted as a si!;^nifieant gesture* tluU our governments are pre- 
pared to play their part in impro\ ing the efficiency of all our trad- 
ing operatix es at home as well as abroad. 

TUK Tn.\NSni()\ I'KHlOi; 

'l \\v following steps niight usc^fuUy be taken by tlie g()\(n'n- 
tU(Mil;> of America autl ilw British ( .'onunonwcMlth of Nations to 
facih'tatt* the ^^alhlal al)au(l()nment of outchited and local systems 
in favor Of the iuteruatioual uietric system; 

1. Proclaim tluit.as of a gi\iMi date, the ah'cady legah«(*tl ni(»tric 
s\ stem shall he the sole Ici^al s\ stem in the* sale of goods and svY\- 
icfs. uitliout necfssarilv altcriutj; tlieir existing dinu^usious. 

2. Speeilv th(» rerjiiireuieuts of government (h'partments in 
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metric terms and encourage other large hu) evs to ^idopt. similar 
pr^ocedure. 

3. Encourage mahufucturers and. merchants to express all di- 
mensions in metric terms in advertisements, catalogues, price lists, 
and other trade literature. 

4. Delete redundant denominations of non-metric weights and 
measures so as to facihtate the ijiltimate changeover to metric 
units. For example; ^ 

iu Apothecaries' weights. Aholish the entire table of these 
weights, which are falling into disuse, and so eliminate the risk 
of confusing grains and grams in medical prescriptions. This step 
has already heun taken in South Africa, and a simiKr trend is now 
being followed by the American Medical Association, 
- h. Troy wcif^hts, Aholish the entire table of these weights and 
employ only metric weights. In ihe year 1913, on the urgent rep- 
resentation of the wholesale jewelers, the BVitish Deputy Warden 
of Standards secured the issue of an order in C'ouncil iliaking all 
" the then existing varieties of carat weights illegal and j)roclaim- 
ing a new standard carat of 200 milligrams. 

c. Avoirdupois weights. Al^olish the stone, quarter, hundred- 
weiglit, and ton, expressing their weights in pounds only. At pres- 
<*nt the stone may be regarded as either 8 or 14 pounds; the *'him- 
dred" weinht is 112 pounds; and the world ton may be interpret(»d 
;is 2,240. 2.()(M? or 2.204 pouiuls, or 40 cubic feet, -according as the 
long ton. short ttjn. metric ton, or shii)|)ing ton is indicated. In 
Soutli Africa, railwa\* freij^lit charges are cpioted in pence per 100 
pomids. (!()nipare tliis witli tons, lunulredweights, cjuarters. and 
poimds at pounds, sliillings. and p(Mie(* per ton or other unitl 

(I. Mcdstircs of Icn^^th. Abolisli th(^ fathom, pole, eliain, and 
furlong. e\pr(vssin<i; tluMr lengths in xards onlw ready tor tlie direct 
eon\ twsioii trom \ ards to meters alter tliese redundant denomina- 
tions lia\e \)vv\\ ('liiuiuat(*(L 

(\ Mi'dstirr {)f nipacHij. Aholi.sli tlie gill and busliel aud estab- 
lish a wvw i^allou of 4 ht(Ms or !U(^trie ([uarts. 'I he existing impe- 
rial aud AuHMicaii nallons (h'Her trom eac li other by about 20 per 
rriit. and tlif piopnsrd new nu'trie gallon would represent an 
interniediato volume hui^er thau the Amerieaii gallon aud suiall(M' 
than the iuipcrial i^allou. 
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\ Agnew Suggests^l^enevved Con^eration' 
of ^Ietric System for America"* , • 

Is A LETTER of May 18 to the members of the [Aqierican] Stand- 
ards Association, the secretaryj P. G. Agnew, outlined the present 
situation pn the use of metric units and suggested that a council 
discussion i)^ the subject might be constructive. His letter, giving 
past histor\-^^nd possible moves by American industry, follows: 
During .\th^ lust few years the ASA staff has been ap- 
proached moreXand more frequently regarding the use of metric 
units. \ . 

**2, Recenf|y tlite Electric Bond and Share. Company has pro- 
V posed that ASA talte up with the United Nations Standards Co- 
ordinating Committee the question of what can be done to miti- 
gate the difficulties wljich arise from the usk of the tyo systems Of 
weiglits and measures. The Electric Bond) and JShare Company 
lias built power houses in metric countries aggregating 200,000 
kilowatts, and so has continually faced these difficulties. 

"3, The Advisory Committee on UNSCC Work has considered 
- tliis request and has decided that it would be weU to have a dis- 
cussioM of the whole question in the Standards Council. 

"4. Tlie Conmiittee also asked me to prepare the ground for 
the (liscnssiou by tliC circulation of this memorandum. . 

*'5. For inanv \ ears tlie metric question was the subject of acute 
coiitroversv; in this country. The controversy threw much heat 
but very little liu;hi; on the sul^ject. Practically all of the leaders 
on botli sides of the controversy luive now passed from the scene. 

"6. Any attempt eitlie'r to force the adoption cf the metric sys- 
tem by mandatory h\i^islatioii, or to force the exclusive use of the 
Kuiilish units would only end in filt?tless controversy. 

"7. Yet tlie (juestion is of j^reat-^and growing importance. It is 
of sp^ial iniportancv to our foreign trade. 

"8. Tlir use of the metric syst(*ni is steadily growing in thfs 
eouutiv. .\SA connnittfcs use it .sligljrtlv more year by year. While 

^ Hrpriiitfd tr.-ui lYw AuiMist. D i5. isstu* of Refrigerator En^incrrinty^ ly pcr- 
inissii)n «»f Hi tri^i ratnr I'.ti'^hu criui^ muI of P. G. Agnew. , 
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it has been edgii>g in chiefl)' from 'the scientific side, some indus- 
tries ha\Q used it much more during the war. Among these are 
the aircraft, electric wire and cable, and the chemical industries. 
The U. S, Pharmacopoeia has dropped the apothecaries' units and 
is using the metric units only. 

/*9.. Furthermore, in modern mass production methods the unit 
of length has bqcome less and less important in comparison with 
the ac^tual size of the product. The scale and calipers are Httle 
used by the modern inspector who relies on "go'' and "no-go ' 
gages. Furthermore, with the advance of manufacturing methods 
and the use of tolerances and allowances, ev en inches, halves, 
quarters, etc., are becoming less and less important. This is espe- 
ciall}' true as- more and more use is being made of the technique 
of'providing for the wear of tools and gages, and the consequent 
use of unilateral tolerances. 

"10. It seems extremely prol)able that regardless of wha^ sns- 
tem is es entually adopted we shall have to live with both Kwglish 
and metric units for at least a generation. Would it, tliert^fore, be 
the constfuctise thing for industry to adopt a policv* of stiuh ing 
the whole question from the point of view of niinimi/ing the dif- 
ficultis\s of liaying to live witli both systems for years? ^ 

"11. Throughout all of the contro\ ersies of the past no thorough 
study, has been made of what could be done to allex iate the con- 
fusion which results from tlie use of two systems or to d(*termine 
precisely what difficulties wo.uld be encomitered if th(M'e was a 
progressise change to metric units. 

"12. There is reason to believe tluit the old controversies haxe 
(lied (^)wn sufficiently so that a constructive jol) could l)e doue. 
Possible action might l)e taken along the following lines: 

(a) A slight step has already been taken in all tlie industrial 
countries in agreeing upon the con\ersion ratio of 25.4 nun to the 
inch. 

(/;) Different e()untri(\s could agree to tlio ])roposal that has 
been made by the various national laboratori(*s to go over to tlie 
wa\"e length basis for the legal definition of the ineb and tlie milli- 
mett^r. 

( r) Etieh cowutry mffjlit well gi\e consideration to recognizing 
1)()tji the poniul and the kilogram in setting impost duties. This 
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could readily hv clone in such a way as to facilitate trade between 
"pound" couiilri(\s and **kilogranr' countries. 

((H National' and international agveenients could he. niade for 
industry to take a leaf out of (experience* in scientific work by using 
fewer metric units^ e.g., concentrate on use of the niicron, niilli- 
niet(M\ meter, kilometer; niicrogranu niilligrau), gram, kilogram, 
nu*tric toiu etc., vU\ Some small st(»ps could doubtless he taken 
in this direction with the English units, 

{ r ) (io furtluT in the use of decimals and in th(* elinn'nation of ' 
fractions. Hierc* is a strong t(Midency in this comitry In this direc- 
tion, e.g., \ ulgar fractions dvv l)(Mng eliminatecl, in drawings for 
airphuu* engines, most dimensions being gi\'en in decimals of an 
inch*. 

(/) The temUMicN" to mark measurinii instruments in both svs- 
tems could be (Micouraged. 

fj^) Improvement in educational methods in prinuuy, techni- 
cal and (Migineering schools. 

Anoth(M' basic approach would be for each one of the 
maj{)r industries to make* a thoroughgoing study of its particular 
problems, and if possible c^c^termine a j^)licy toxcard the metric 
s\stem whicli ft might follow for th(* n<*xt fift(»(Mi or twcMity years. 

'11. Out* industry might deeid(»-that it would ha\e to stick 
strietK to the inch and \\\v [)()Tind in all of its operations. .Another 
industry might dt*cid(» definiteU" toward tlu* (»xclusi\(» use* of the 
metric imits. Still anotluM* industry might decide* to mo\(* in the 
dirtvtion oi a di\ided us(* as h(*twe(Mi donuvstic and (*xport — or 
miulit stick by tlu* incli for certain purpos(\s, such as screw 
threads. ])iit ^o ()\(m' to the kilogram for weights. 

"15. I bclicNe that tluM'e is mtieh to gain ])y a thorough discus- 
sion of tlie \\]H)le (jiu'stion at tliis time. " 

Siiiii)lin('cl Pnu*tic*(^ and vStaiiclarcli/ulion 

rilliO. A. SKHAiMllN 

Si\ir! n o n vwv lu i* is sjniplN' application or use o{ conunoti 
sense in an unselfish efiort to do things most eeononn'eally and 
praetiealK cUid to aeeoiiiplish the greati\st good with the* tull us(» 
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of'^staiiclarcli/.ation for^thc gcncMul welfare of the public. It will 
gri»atl\' reduce waste of niaterial time, and money; it will increase 
production and lower our cost of li\ing; and it can greatU* lielp 
in. shilnli/ing our moral and econoniic structure. 

There is an almost unlimited field for, simplified practice. Cor it- 
is applicable to every. phase of our life, inchiding all branches of 
our*govcnnncnt, national, state, and local, from the highest to the 
lowest: ewry t\ pe of business, from manufacturing to farming; 
e\iMV profession, including medicine, law, dentistry, and so on; 
e\er\ branclrrff engineering; building; contracting; banking; the 
ai-ti\ ities of trust companies; lab()i\ housekeeping; education; and 
e\eu religion. Thv potential monetary benefits alcme, through its 
gtMunal application, can be measured onl\' in billions of dollars per 
year.. ^ . ^ 

Simplific^d practice and standardization were ;Pirst introducc^d 
into our American lite back in 1792 wheji^nn- decimal monetary 
s\st(Mn was svt up. Practically nothing further was done bv the 
liovernment until shortly after World War Ft- when a special de- 
partment was cri^itc^d iii^he Bureau of Standards, called the Divi- 
sion of Siuiphfied Practice. 1liis is crediti^d with i^wuinplisliing a 
\ast amount of good; yt^t jts acbi(*vements ar(» negligible when 
compared to the \ast field to be eoverc^d, for Its activity is limited 
U) tlie niraus pro\idt*d by thv government for this purpo.se, 

Thv ercatiou of ch^partnients of weights and measures througb- ' 
ontJlu' \;u'i()us sU\tvH aud'citit\s in the past (juartiM-ciuitury or 
more is"oiil\ one plias(» of simplifii^d practice* and st;uKlardi/ation. 
Thv aelixities of [hvsv (h^part'menls are chic^llv eonfim to assur- 
• iii'j; honest wci^Iit ;tncl luiMSuri* to tin* public in the purchas(»-T)f 
food, fut'l. and otIuM' conunoditiivs and to regulating tht* manufac- 
ture of honest wei^Iiing and uKMsnring de\ ices, 'l liis acti\ it\' also 
protects the Iiou(Nt niereliaiit from unfair etimpefUion b\' dis- 
honest inerclianh. The sa\ ings to thv pureh;ising public from this 
.ieti\it\ ;done aniomits to well o\(M' S KUKOOO.OOO (Mch year. In 
when tht^ Philadelphia-l)ei);u-tin(MU of Weights and Me;is- 
mes was eieated, a snr\e\ shcnved tlia't in that eit\ alone the 
\earK h)ss arising fr{>ni dishonest nuM'cliants and faidt\ weighhi\j; 
and nieasuriir^ de\ ii <'s \\ ;is estimated ;it S5().()(K^()(H). 

The eifieien( \ ot the \arioiis (h'[)artnuMits of weights and Uie;is- 
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' iires tlirotighoiit the United States could be greatly increased if 
this country wonkl use the simpliffed metric sxsteni of weights 
aikl measures in place of tlie antiquated English system. The use 
ofMu< metric system would not only sa\e time and money for all 
l)nt iN>io shorten by at least a year the public school education of 
our childreltr — ^ 

It was in 17^ that our forefathers undertook to simplify both 
our confusedsystem of coinage and our system of weights and 
measures. They adopted a decimal s\stem for our money, base 
on the dollar as the unit of standard; but they failed to adopt the 
sameN\»<t('m for weights and measures, aiid to this day this short- 
sightedness hasJa<;en fre(|uently condennicd. 

H\- an aet of Congress in 186(1 the/use of the metric system was 
made legal but not compulsory. }'or a number of vears efforts 
have been nilule by prix ate grou[)S to help bring aliout its final 
adoption, but there have always been some groups in opposition, 
some actuated by selfish iiiter9.sts and using paid agents to oppose 
adoption efforts. 

Our present system of n^inage is an example of sir^iplification 
in measinenu-nt. It is based strictly upon the decimal system of 
ten. It combines simplification and practicability in the highest 
degree, in that ti'ii or a multiple of ten of one denonn'nation equals 
one unit of aiiotlier. It is so simple that it is one of the first things 
in arithmetic with which little children become thoroughly 
familiar. The same thing is possible with the metric svstem of 
weights and measures. Today both the old system and the metric 
system are used throughout the United States by nearly all gov- 
erimient agencies and private industries, both large and small. 
There remains only one element of our nation to accept or use the 
metric system in order to make its use complete— the purchasing 
()iiblic. iiu liicliiiu; both the hon.sewifc ;md, the general storekeeper. 

I will \ciitiire to say that not niori- tlum one-half of 1 per cent 
of all the people in this country liecome thoroughly familiar with 
oin- present ssstHn of weights and measures during their entire 
lifetime. .(1 I know that not one person in our entire nation 
would coiisith^b for a nionu-nt tlie exchanging of our metric sy.s- 
tem o( eoiii.ige {r)r tli.it of i-:iigland or. any other nation whose 
coiuatr,' s\stem resembles that o( our old weights and measures. 
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I will say further that the public never inquires how nfany cents 
there are in a dime or how many dimes in a dollar, but inquiries ' 
are frej^uently made as to the number of 

Cubic inches in a gallon (231) 

Fhiid ounces in a pint (16) - ^ , 

Cubic feet in a cord of wood ( 128) 

Cubic inches in a bushel (2,l50.42) 

Square feet in an acre (43,560) 

Cubic feet in a perch of stOne (24.75) 
Then one may ask, what is a firkin (9 gallons), a tterce (42 gal< 
Ions), a token (10 1/2 quires or.2o2 sherts), and various other 
units of weights and meiisures, such as peifnywcights, scruples, 
drams, and what not; and those inquiries are most frequently 
made by quite intellectual pcMSons. Wq also haVe two kinds' of 
quarts^and pints, dry and wet; two kinds of tons, short and long 
(sojjie are at times extra-sliort); two kinds of pounds, one having 
5,760 grains and the other 7,000 gVa?ns; two V ids of busltels, 
heaped and struck. Then again we have 3 barleycorns, 1 inch; 
2 1/4 inches, 1 nail; 4 nails, 1 (luarttn*; 3 inchgs, 1 palm; 4 inches, 
1 hand; 36 bushels 1 chaldron; 14 pounds, J stone; 21 1/2 stones, 
1 pig; 8 pigs, 1 fother; .^nd many nioVe top numerous to mention 
and most confusing to remember. 

• As a further illustration of the simplicity of the metric system, I 
would Hke to recall a small problem in nieasuirment, worked out 
both in pur old.-i^reswt systi^m andJn the uietric system. This 
problem was presented a few years ago in the Washington Herald 
I might suggest that it would be wvW to make a note of the prob- 
lem and at your leisure try it and note the -.aving of time and its 
complete simplicity. This is thr problem: Find the wei\i;ht of con- 
tained water, the volume, and the t aj^acity of a 6-fo()t 9,1/2-inch 
cubie tank. I^y ihv (Tlcl uu^thod 2 ^3 fiuiires are uuiiiirc^d for the 
calculation, wliich takes appro\iuK'it(4y ten miuut(\s* time. The 
following are the three answers'; 

WVight = lf).579.SI2o pouiuls 
Volume ~ o-JK'in.'i?.^ cubic iiK'hcs 
C.\ipacity 2,343.477 gulUius 

The same problem in the metric system (each dimension of pie 
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till ik is 2.07 motors) mjuiros only thirty-iiiiu* fii;nR\s and tukos 
one ko two miiuites* tinio. Tho thrr<^ unswurs all luiv o the same 
fi mires: 

\yoight* - 8.869.713 kilograms 
. . • X'ohiiiie ' : VS..SRy.74.*? cubic clcciiiii»(crs 

(iapacity S,.S(>y.743 liters 

With such a \ ast cUfFerence in fa\ or of tlje nu»tric s\steni, one 
naturally wonders why it has not been definitely adopted long 
^ ago. The following facts may pro\ide the explanation. 
. \Vr do not present the system to tlic general public in its sim- 
plcst form; wo rather confuse the minds of numy people by adlier- 
• jng to the use of compound names such as "niilh-litwrr '*kilo- 
Uram/' and *'deei-meter," instead of using a few of our present 
tannliar American tonus and temporariU using the word metric 
in front of c»ach un^til the old system disappears entirelwfrom our 
oN orvJay usage*. 

As an illustruhcin of this, wo may use our present coinage svs- 
tein. If you were to recite our table of coinage using the full met- 
ric prcfrxes, it would run as follows: 

10 !!iilli-tU)lhirs ^ I cenli-dollar 

\ 10 c(*nti-clc)lliirs 1- ch'ci-clullar 

10 cU'ci-dolh-s 1 dollar" 

10 dollars 1 tk-ku-cioiiar 

' * > 10 d(»ka-(k)llars 1 hocto-tlollar 

10 hocto-dollars 1 kik)-clollar 

lint bur forofatluM'S, wIumi tboy adopted oxw metric system of coin- 
age, strcnuuliibod the \ arious te^ns so that the axcragc* person can 
take to tho lu-w system more rtMdily, and tlie table to this dav is 
as follows: 

10 mills . 1 eeiit 

10 c-cnts 1 (lime 

10 diinos 1 ^l()lIar 

H) dollars 1 cai^Ic 

10 (Myh's 1 cfiitinA* 

10 c<.'nturics 1 

(•'lU'tlicr to si»ppliF\ tlio c-oina^o s\stom. \\r all uso just two of tlu* 
terms. (loHjirs aiul cents: no matter what the amount ma\' be. from 
*j)ennies to billions of dollars, in all transac-tions of accounts in 



ERLC 



TOWAIU) WIIM:i^USK ^ 223 

t>\i r\ hiisiiirss and walk of lifts wr use just dollars ami ctMils. This, 
is the NvuN NvV should pi(\stMit to the people the nu>tric system o£ 
wtMiihts and ni(\isiires— as simply as^^ossihle, in terms of one lum 
and its lunidredth part for each t\pe of measurement, 

^N()^^^ as an illnstration. let iis further simplify the use of f^he 
metric sNsten) of we^i^ht, vohnne, juid linear measurement hy us- 
iny ouklhe two in crssar\ units as we do in our system of coiu- 
aue aild temporaril\ suhstitutiuii our old names in place of the 
metric terms. We then ha\e, including our coinage system, tlie 
foUoNVini^: * . 

KK) i-(>iits . I dollar 

KM) ounci^s 1 pound ^ * 

l.()(K) drains I (|iiart 

l.()(M) iuclu\s 1 vard 



ot^; it re({nir(\s,oidy sixteen words 't() e>ipress our 
ol" ^x)inag(\' weight, volmne, and linear measure- 



H(*li(*\e jt.or no 
metric s\ stem ol 

meiit, iili of which can hv written on your tlunuhnail. When tliis 
sNsttMU comes into use. w(» can proiully say that our w(Mghts and 
iiKMSures s\steuK like om* systeui of coinage, has also advanced to 
"the height of siinplifitxl practice.'* 



.Auxiliary SystiMii for [\w Measurcmnit of Time ^ 

KUANK j. MOl.KS 

WuK\ tlie simi)licitv and utility of tli(» uu»tric or decimal system 
of uuMsurenuMit of ItMU^tli and wt^'glit an* considered, it seems 
strange that th(M(* is no tupiixalent sy5.t(MU for tlu^ measiurment of 
tinH\ Wliile the couxcnient metric imits- are used for length and 
weiL^ht and reflated nuMSin'ements. the cliuusy and inconvcMiient 
2MH)ur da\ is retained witli its a.m. and p.m.. 00 minutes per 
h()in\ and HO seconds per minntt*. 

It is nec-essarv onl\' to eouiiMitt^ tlie exact tinu^ differetice he- 
iWi vw tlie arrival of a morning train and the departure ot an after- 
nt)on train to uet an idea of tlie mnltiplc* transformations involved 
and to reali/r the chances of error in siich a tinu^ system. In terms 
ot decimal time, however, the tiiiie difh'rence would he found i)y 
siniph suhtr^etin^ the earlier from the later tinu\ 
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Suppose yoii gr into N( w York's Grand Central Terminal at 
10:48 A.M. and have to get a train out of the Ponnsylvania Station 
at 2:24 p.m. How much time do you have to change staTfpns, eat 
lunch, and get your train? First, because 2:24 is p.m., you must 
add 12 hours, making it 14:24; then you must subtract 10:48. But 
he e special rules .ha\e to be used — you cannot suhtraci 48 fror i 
24, so )ou must borrow an hour, reniembering that it is 60 min- 
utes (not 10 or 100), and set it down thus: / 

14:24 = 13:84 (S4 = 24 + 60) 
10:4 8- 

3:36 or 3 hours 36 minutes 

Now for the decimal Svstem : 

2:24 P.M." 'would be 0.60 day 
10:48 A.M. would be 045 day 

0.15 day (the interval) 

By simple subtraction we have the answer impiediatclv without 
any mathematical gymnastics. Furthermore, the computation 
would be just as simple for any interval, such as 

0.723 day 
a209_day 
a5i?^j{Ty 

Timetables could be printed all in one kind of type, and that 
cotifusion between light and dark numbers could be forgotten 
forever. The same ease of calculation would applv to workers' 
clock card time records, to payroll l)ookkeeping, and to simiUu- 
tasks. 

Incidentally, tlie decimal intervals can bo tliouglit of as per 
•c'fuii^ of the day or can be read like baseball players' l)attiiig aver- 
ages, which .seem easv enough for mn.st sports fans t<^follow. 
Thus 0..333 day (which is approximately 8 a.m.) can bo thought 
<»f as o3 per cent of tlie dav. 

It .:n accuracy is desired appro.ximately the .same as tliat given 
when seconds are sliown in conventional time, it is niereh- neces- 
sary to use more decimal places to the riglit. For example. 0.49999 
dav is ver\- nearlv tlie same as 59 nnnut(?s and 59 seconds after 

1 1 A.M. 
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Some strange events in history led to the curious dis^crepancy 
botwepn Vjie measurement of length and weight and the measure- 
ment of tiinp. The French leaders arifl scientists of the last part of 
the eis;hteentJi centrry appear to have been among the first to 
appreciate the^ossible benefits of the deciriial system as applied 
to measurement. Although the system of numbers based on mul- 
tiples and powers of 10 had been invented long befpre by some 
nmknown thinker, littjle actual use had been made of the idea 
except b\' niarfiematicians". The French, however, decided to do 
something about it and proceeded to establish the metric system 
in that ten ible and' troubled decade from 1790 to 1800. The scien- 
tists planned and measured and calculated and finally decided 
upon the meter as the unit of length (it is intended to be one ten- 
niillionth part of the distance on the earth's surface from the Pole 
to the ecjuator) and upon the gram (the weight of 1 cubic centi- 
met-^r of water) as the unit of mass or weight. Decimal multiples 
and submultiples of these imits serve afXfc basis for the metric 
system. The possibility of dividing time necimoUy was not ON cr- 
looked. The moli^ths ^v^e renamed and divided into ten-day inter- 
vals; the davs were divided^hito ten equal parts which were fur- 
t}ier su1)divided decimally. In the heat of those stirring times of 
the French Rexohition, the world was made youni^ again, and 
Septem1)er 21, 1792, l)ecamo the first day of the year I of Liberty. 
This calendar and div ision of time lasted twelve years, a duration 
which was surprising enough, since most people undoubtedly 
tised the old calendar and time in secret, if not in public. Certain 
it is that w.itches ancl clocks were made with both old and new 
tinu^ div isions. At least one sample exists today in the United 
States. This is a watch in the collection of the Smithsonian Insti- 
tution in Washington D. C, which has both metric and standard 
dials. It is" a very {\nv example of French skill and workmanship. 
i Svc pane 228. 

There probably were many reasons why tlie decimal division 
of tinu* did not survive* alo ig with the meter and the kilogram. 
First was the fact that tinu* was less iniporhuit then than now. 
Lenii;th and wyin;ht were essential in dealing at the market place, 
hilt exact meusureni'ent of time was imeonmion, and few people 
thought nuich about it. Tlie group of ten days in a woiking period 
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was too long without a rest day and thus nuide that part of tho 
r>v.steni exhausting and insufferable, particailarly in thostf days of 
long working hours. Then, too, the ttn-day periods were aimed at 
eh'niinating Sundays and Sa'nts' days in the hope of weakening 
the Church, so this made the whole plan unpopuhir. • 

For these reasons, and possihly otliers, the decimal time system 
did not come* into general us(\ Between 1791 and 1840, however, 
there were numy laws passed in France to establish the metric 
nm'ts of length and weight. h\ 1840 the laws imposed penalties 
f(jr the use of other than metric units, and the new decimal svstem 
came into general use in France. As the practical utilitv of^he 
uvw svstem became e\i{!(»nt, it was adopted by more and more 
people, until today it is um'versally used for scientific measure- 
ments and is the standard system of everyday measurement for 
many countri(»s of the world. It might be used for everyday meas- 
nr(*m(Mits in the Kuglish-sp(>aking countries, also, if it were not for 
tin* in(*rtia of habit and tlu supposed cost of converting tools and 
(Ujuipmeut to the metric svstem. 

The p()ssil)iliti(\s of various t\p(\s of dc^cimal tinu* syst(»ms have 
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' hvvu considorccl for iiiuny yours. A decimal SN steni could be de- 
vised in such u way that' it eould be based on the length of the , 
year, tlie length of the sidereal day, the length of the mean solar 
dav, or even one of the pn'sent snuiller time inter\ als sucdi as the 
second. Of these possible schemes the most logical and useful 
'appears to be that based on the present mean .solar da\'. This plan 
would provide units as follows: 

0.1 day or deciday (doe) 
0.01 diiy or ceiitiduy (cee) 
0.001 day or inilHda'y (em) 
0.(KX)1 dav or dociin'illiduy (dce-em) 
0.(K)001 dav or centiiniliiduv (cee-ein) 
«^ ■ ■ 

In use the nanu's of tliese intervals might not be very important, 
since the part of the day would be read as a decimal, that is, 
.76.521. The first two digits thus may be used to sh()w what per 
cent of the dav has elapsed. However, if names are needed, the 
abbrcNiations indicated above could be used, or other brief, dis- 
tinctive names could be ins ented. 

Coniparatixe \ alues for the new.^md old units are .shown below: 

0.1 dav or 1 deciday ~2 liours 24 niinntes 

0.01 dav or 1 centidav - 14 minutes 24 .seconds 

0.001 (lav or 1 inilliday 1 minute 26.4 .seconds • 

O.OOOl dav or 1 ileciinilliday -r. HM seconds 

().(M)(X)1 dav or 1 ocntinnlliday -.: 0.864 .seconds 

Thus it mav be seen that the milliday v. of a similar order of mag- 
nitude to the minute and the centimilliday is of a similar order 
of niai;nitndv' to the second. 

Since these are decimal interxals, the part of the day which has 
elap.se(l can be indicated directly by a standard decimal counting 
unit attached b\ suitable gears' to a standard clock motor. The 
simplest nietho(i is to put a" twenty-five, tooth gear on the 1-revoln- 
tion-per-niiuntr sliaft of a clock motor and a thirty-six-tooth gea: 
„„ the^haft of a standard five-digit counter. The first two digits 
.it the left uia\ then be "s'-'.l to indicate davs of the month and 
the next three diuils to indicate tenths, hundredths, jwd thou- 
sandths of the dax respeetiNclv. .\ dial with 100 ecjual dik isions on 
iiie s.m.e shaft as the thirtv-six-tooth gear then showsUen-thou- 
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i 




DecinuU dock, roar view. 



saiulths and liuncUcd-thousandtlis of the day. Unless some special 
device is arranged for the left-end d'j^it dial, the indicator would 
have to he reset at the end of each month. Failure to reset would 
not affect the accuracy of the figures to the right of the decimal 
point. 

A sample clock has|)een constnicted using this decimal dix ision 
of the da\-. It is arranged to be driven ])y a standard 60-cycle 
clock and can he operated on commcMcial 60-cyclc systems dr on 
precision 60-cycIe standard frequency sources. A similar clock 
with different gearing could he constructed to run on a precisioii 
l.()00-cycl(? standard frequency source*. A clock can also be con- 
structed with two sets of dials or numbers operated bv the same 
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FRONT view: 

0.125Pj DAY « 3 HR. 00 MI.N. 51 SEC. 




BACK view: 




DECIMAL CONVENTIONAL 
CLOCK CLOCK 

motor, to sliow both conventioiml time and decinuil time. This 
would sitiiphfy comparisons between systems when neecssary, 

A clock which would provide botii decimal time and conven- 
tional time is shown in the accompanying sketch. It is made es- 
.sentially as follows: A twent\-five-to()th gea/ is fastened on the 
l-revohition-per-mimite .shaft of a synchrouous ch)ck motor (such 
as a Telechron motor K Another gear with thirty-six teeth which 
me.sh with the twenty-five-t(H)th gear is couuectc-d to a shaft and 
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hand inosing arouiiJ a dial with 100 divisions. Each of tlf(so 
divisions tlieWreprcscMits one hundivd-thonsandth part c>f a day. 
This shaft is then geared through a lOO-to-l gear train to another 
hand moving over a KXKdi^N ision*dial. (This can he juit another 
Juind of dil/ereiit k^ngth or color, nun ii^g. ON er the same dial as 
hefor(,\H These di\ isions represent one Ihoiisandth part ot a day. 
Then the shaft of this hand is connected throiigh a ten-to-one 
gear train to a hand on a dial with ten divisions. Each of these 
divisions represents one tentli part of a da\'. This haqd also can 
])e i.i different length or color moving o\ er the same dial. Two ad- 
ditional ten-to-one gears and hands or numf)ers can he provided 
to gi\e the days of the month if desired. !this AssemhK' is the 
decimal time part of the clock. To get con\ entional tiine the 
motor shaft is simply extended and connected to a regular clock 
movement. Since both systems are geared together, the e(]ui\a- 
lent of one time system in terms ol the other is automaticiUlv 
<li\ (*n h\- the readinijs ot the hands. 

A con\ej)tional numeral clock showing digits such as 8:31:27 
could also be' u driving motor with a decimal clock like tlie one 
shown in the photograph. Then' be. •» time readings would be 
shown divectb in figures as below: 

S:(K):(M) (A.M.) and iVlim dav 

9::^)():(M) (a.m.) and 0.4()0{)() dav 

12:(X):()(> fnoou) and O.oCMKM) dav 

2:24:(M) (e.\i.) and O.fiOOOO day, and .so on 

An\one wlio is recpiired to measure time differences greater 
than a (cw seci)uds slionld find the decinial sxstem nuieii faster, 
simpler to use. and li^ss likely to cause errors, ])ecaiise it eliminates 
t\\v troublesome nndtiplieatious by 60, tlie additions, and so on. 
It would seem that the cU^cinial di\ ision of time would be of great 
adv antage in astiononiical and na\ igatioual work. Railroad and 
other trans[)()rtati()n tabhvs could bi*'nnich less confusijig if deci^ 
rnal time were used. Since there* ar<\tlu*n no a.m. ancljiwt., thi.v- 
dilficnltN could be retired tf) oblixion. 

It is interesting to note that Smithsonian tabl(»s lia\e lor V(*ars 
X out. lined tables for the conversion ot hours, minutes, and s(*couds* 
to (leeiinal [)arts of* a day. and vice \(*rsa. 
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III \ii»\v oF past t»\p(Mi(MKvs with attoiiipts to dumno systcMUs 
of measnrc^nuMit, cahMuIars. spelling, 'and othor loiig-cvstablishcd 
practices, it socmiis unlikely that thtMv will he any wicl(\spread use 
oF tli(» dt^inial time system, H()W(A(m\ tht» idea is intriguing and 
inifv hi* of so!n(» \ alue tor spc^eial uses, piujticnlarly since it is so 
casv to provide decimal clocks operating ()n asailahle 6()-cycle 
power sources. 

Decimal div iVion of angle is also an interesting possibility. Now 
\vi' ha\ i* tlu» clumsy 360 60' 60" system, which is not only awk- 
ward in itself but easily contused with time units. For a decimal 
s\st(Mn tlu* natural unit of angle is 1 re\ olution, which may be di- 
xide^d into t(Mitlis, hundredths, and so on, of a rc^volution. Thus 
90 (»((nals 0.25 rc^xolntion, 180 ecpials 0,50 revolution, and so on. 
i'rigonomt^tric tabKvs can b(^ revised easily to taki^ care of such a 
sxstem. In fact, tluMV ar(^ already numy trigononu^tric tal)l(\s using 
su'eli hs brid sch(Mnes as d(\grees and tenths of a degree, or degrees, 
mimiti's, and t(Mi'ths of a minut(\ and the like. 

It is int(M-esliiMj; to note that if such a systeni wVrc used and 
lon'j;itud(^ were' ukmsuvchI in it,'lhen d^^cimal time and decimal 
lonyjitudr could coincich* (»\actl\. Computations iUNohing time 
and lony;itu(l(' would b(» nmch simplified. There would ng longcM* 
b(» an\ wvvd of conxcrting hours, n)inut(»s, and S(*condy ot tinte to 
' degrees, niimitrs, and seconds of longitude*, or vice xiMsa. 

lulucalion 

Dc^cinuili/atioii of I^nulisb Mc\isiir(\s 
unci (.\)inpntati()ii with Approximate^ Data 

CAHl. N. Sill VI KH 

l)n\\\ llirou'^h thr aues computation with fractions has \)rc\i a 
diificiiH hurdle For a large portion of the human ract*, A numbcM" 
intcrrslin'j: (h'vict's have Iuhmi ust'd to hrlp ]vssn\ thediificulty 
(?f c-omputin'j; with fractions. Thr l\gyptianN rrstrictcd their trac- 
tions ahnnst cntircK to thosr havinu; unit numerators: ihr Romans 
tried to a\c)id fractions b\ subdividing tht'ir measuring units, thus 
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• giv ing us the topic of "denominate numbers" or "compound num- 
bers"; and other early peoples made extensiv e use of sexagesimal 
fractions. - ' 

Sexagesimal fractions were so satisfactory that tlicN- were em- 
ployed for a large purt of the work in science, The. term common 
fraction was used to differentiate fractions of tlie form a/b from 
sexagesimal fractions. 

Our decimal place value number system was developed in Ir Jia 
about A.D. 600. By a.d. 1200 or earlier this system reached Spain 
and \cr\- gradually began to displace the cumbersome Roman 
notation. By the time of Columbus, the Hindu-Arabic decimal 

• notation was in use in southern Europe and from this time on the 
use of the Roman notation gradually but steadilv declined. 

It seems strange to us now that it should have taken so long for 
a uuml)er system so ob\ iously superior to displace the Roman 
.systc-nu but the force of mental inertia is perhaps the most- for- 
niida!)U> of all obstacles to progress. E\ en a people who, in the 
span of a singie lifetime, ha\ e gone from oxcart to jet plane and 
from the power of the muscles of a sweating sla\ e to the promise 
r of atomic power, and who demand the very latest gadget on their 
f autoniobiles,or radios, will show tlie stupidity of ignorant ta])oo- 

cursed South Sea islanders wlien asked to change some process 
or habit to wbicli tbe\ ha\o become accustomed. Dozens of ex- 
amples of tlie ci use of mental iiiei tia may be found in past history, 
and numerous cases remain to plague us. Decimal fractions, deci- 
mal measming, the metric system, new methods of subtraction, 
. ami the reform mo\ cment iu mathematics are a few examples of 
sjiperior devices, technic jues, or mo\ements held up or impeded 
by mental inertia. Deciuial federal cuneiicy was establi.shed bv 
- law in 1792. .As late, however, as 1808, wh.Mi the Br\ant and 
Stratton Coinmcicial Aritlmictic was published, the autliors con- 
sidered it necessary to gi\e the currency of all but nine states iu 
. terms of l-.u^lisii or other eolouial monie.s. Thus in New York the 
^lollar was efjual to 8 sliilhngs. In \ew Jersev, Pennsvlvania, 
Delaware, and Mar\hind the dollar was ecpial to 7 .shillings 6 
[X'lice. In Maine and the other \ew Mngland states, and in Vir- 
ginia, Teiinesse(>. Kentucky, and Missouri the dollar was equal to 
C .sh!^l]ings. In North Carolina the dollar was worth 10 shilhnc.s. 
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whereas in South Curohnu the doUar was woYtli only 4 sliillings 
S pence, lu MLssissippi the doUar was equal to 8 bits, and in New 
Orleans the dollar was eqiial to 16 pieayun^s. At the tuni of the 
century it was a fairly common experience to find old people who 
still taiked about shillings, and even today the Fulton Fish Mar- 
ket in, New York uses' shillings -in its quotations. The awkward 
F8, 1/4, 3 '8, 12, 5 8, 3/4, and 7/8 used in stock-market quota- 
tions are relics of the day wheii the dollar was worth 8 shillings 
and the shillmg was 1. 8 dollar^or-12 1/2 cents. Perhaps in an- 
other hundred years the stock-market quotations will be given 
in dollars and dimes instead of in dollars and sliillings. The 
penny, like the shilling, is an old English coin, and it is not e(piiv- 
alent to the cent, The cent, coined since 1792, has never had the 
word penny on it. Calling the cent a penny spoils, the metric 
relationsliip: milli-, centi-, deci- of the mill; cent; and dime. The 
5-cent piece is never called the 5-penny piece. The 'newer arith- 
metics t(Mid to drop the penny or to minimize its use and write 
2 c(Mil,s, 3 cents, 5 cents, 12 cents, instead of 2 pennies, 3 pennies, 
and so on. This is a thoroughly d(\sirable trend. 

It has b(*en pointed out bv opponents of the metric system that 
ill nu^lric conntries the old measining units tended to snrvive. 
This is not an ariiinncnt auainst the metric svstem, but an illns- 
tration of mental inertia. No sam* person would suggest that \xr 
should go back to the use of the cnmi)ersome English system of 
nH)U(»v l)ceansc of the fact that the shilling and pcMiny had snr- 
\iv('d for mow than one hundred and fifty years. 

It is difficnlt to say when decimal fractions were in\ented, but 
KiidolfF ( loofl^ and Simon Stevin (15S5) an* entitled to most of 
the credit for bringing decimal fractions to tlu* attention of tlu^ 
world. Both liudolff and St(*\in liad awkward techni(ines tor 
writing deciiiial fractions, but Stevin, at least, fully understood 
ileeinial fractions and thoroiighly appreciated tluMr advantages 
f)\er connnon fiaetions. In addition he suggested a full S(^t of 
deeiiual iii<\isnres. In La Pisnie Sti^vin says, ''All measures — lin- 
ear, li(|uicl. (lr\. and monetary — may b(^ dividend decimallv" [11]/ 
' It is sad to contemplate the millions of velars of time that ]ki\<' 

\mu}Hr> ui l)r.uk( ts rrin !•» il< nis in the Hiiilioi^mphy at tho riid of tlii.s 
.iitK 1<-. 
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hi 'Oil wastctl 1)V iiKli\ ichuils l)ocausc of the nuMital iiuTtia that 
pr^vcMitrd.for so lonjr a tinio, thr adoption of Stevins suggested 
decimal fraVti()hs ai^d measures. For two luiudred years tlicuse 
of deeiinal fraetii)ns was eonfiijed largely to logarithms and to 
other taT)!ihit(al data. In 1792 decimal fractions increased greatly 
in importance wIkmi the U'nited States .ahandoned the Kngli.sli 
monetary system and ado'ptedia decinial system of coinage m its 
place. In 1799 the decimal movement received further impetus 
when the KriMieli (ioverninent adopted the metric swstem. In 
1S66 the luilric syst(Mn^was made legal in the United States, and 
later, in 1S93, the meter was adopted as the official standard of 
length in this comitry, the yard heing defined in terms of the 
metti'. 

\'ery soon after the legalizing of the metric system, various 
trades and* professions ht^^an to divide our old tlnglish unit^ deci- 
mally. y\\v Natioiuil Bureau of Standards reports: 'Xevcl rods 
with dcriuKil graduations of a foot were iu general use at least 
f)() \viivs ago." Micrometer calipers with decimal graduations of 
the inch \ui\r been used for fifty y<\n's or nior<\ and steel tapes 
Uraduatcd in tVet, 0.1 foot, and O.Ol foot ha\ e heen in g(MUM'al use 
h)r at l(\ist twenty-fi\(» yivirs. The mil(\ the pound, and the hour 
dvr other inea.suriug units that ha\ e for a long time hvvu decimal- 
i/cd. and ascragcs arc almost alwa\s gi\(Mi as diH'imals. 

U is hard to wuU/.v ihv extent to which decimali/ation of our 
measures lia> pr()nr(\ssed. In a recent issue of tlu^ Countn/ Ccn- 
tlcmmi \\\v\v \\ v\v 179(l(rimal fractions aside from United States 
mone\. Ainonn the* decimal fractions appi^aring in this issue were 
the follow in^: 2.2o gal., 1.73 grains. 8.75 in., 49.9 Ih., 2.9 m.p.h., 
U.fr watcM", .■).! ()/.. nn'lk t(\st l.o^'r, 'IMS drawbar horsc^power, 
• )">9.o million bushels. 99.7 calories per ()!me(\ Other d(*cimal 
hai tinns {oniul in rt^eent farm publications are: ii.S mm., 24, f) o/.. 
S7.S ac res, ")()S.fi aah, ().{)()()( )2o in., 1 J.f> mi.. o.07 ct. per k.w.h., 
1 1 -is nnles per gallon. watiM' flow of :>.73 ft. per s(h-., 27. S5 points 
: e^^ contest'. 9.S (peons rating). *V\\vxv were also statcMuents 
that "at tour months an Aushire should weitj;h liSiS tinjes its birth 
Weight, a ( ;neruse\ 2.72. a liolstcMU 2.7."), and a JerscN o.Ot *: ^^milk 
Weighs 2.I.") II). |)(M (jnarf; "tlu* nn'lk test was 4.24"; and '^this 
lister enltisator is 0.7 teet wide and at a speed ol :>. > mil(»s per 
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lionr will cultivate 2.7 acres per Iioiir/' UcctMit tann bulletins con- 
luin tliouNauds of deeiinal fractious in a wide variety of units. 

Another trend toward dt»cinials is the growiuij tcMuUMicy to sell 
bulbs and other things ])y tens, hundreds, and thousands, in place 
of i\\v do/en, yross, and yriMt i^ross, and to sell producir* by the 
100 pounds in place of the busluO, 

In ennine(M'inn and in many other phases of iuchi.stry, decinuili- 
/.ation of iniMsnres is taking place vwu unnv rapidly tjian in' agri- 
culture*. The unnierous illustrations fr()nj ugricuffure were S(»- 
lected to show the decinud usagu^n-^ai^ area where it has been 
wideK beh*eved there was litjle need for decimal fractions. 

Unfortunately, souk* coHeges still grant dc^yrees to students who 
make a cursorv study of the usage hi certain fields ot trade and 
industry and then in th^» light of th(M'r findings reconnnend the 
elimination or curtaihuent of this usage as a topic of study in th(^ 
.schools, If this w(MV our. soU* criterioii for subject matter, tluMV 
would l)e htth' growth or ini[)ro\ement in education, \'ery often 
the important (jut^stion is what sfiould be used instead of wJuit is 
tiscd. This is esp(»ciall\ tru(^ in eonutu'tion with the topics of d(»ci- 
mal measurinn and the nu*tric system, 

Tht» ^^doptidn of decimal fractious and dtrimal nuMsnring units • 
has been U[) to a considerable (U*grt»e b\ [\\v stupid e\anipl(\s 
forujcrb found in our t»arly textbooks. In an arithmetic publishtMl 
in 1S95 and used well into the pris(Mit century [o] the h)llowing 
are given: 

1, Ht'chu-t* to a ef)inilb.n fraction: .Hjl-SOo 15^ 17 

2. Mnltipiv \.{)Sim .ir>7(l2, Ans. ■">.sr)U2 mJ2. [Tlie last fi\ r tlitiitN ^ 
ar(* not si^nifiea^t.] 

:>. Hf'duc-r 11.) 2.1H a (Icfiiii.il (rattinn. Ans. 0, t tl t()()2o, 
-t. Dividi- 27").2S7Uf>SS In n.()72. Aus. .r).()()79, 

h) arithiiieties [mbUslied in the nineteenth e(Mitnrv\ (Samples 
in decimal iraelinns can be touud vv ith answers <-ontaining from 
sixtiMMi ii) sixtv (li'^ils. Pupils e\p(^se(l to such examples could not 
bt' cxpec tc tl [() sec the a(h anla'^e ot decimal tractions. 

If, in place f)f the e\auiplrs cited above, pupils bad betMi ixsVvd 
to work a s<'rics ot paii*('<l pi'nblcnis lik<* lli<)s<' below, it is safe to 
' assume thai decimal fracliwus and decimal measuring would havt* 
be<Ml adnpled UUi\\\ \ ears a«4n. 
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1. a. A building lot is 248 ft. 73/8 in. by 84 ft. 57/8 in. What* 

is its area? 

A biiilcling lot is 248.61 ft. by 84.49 ft. What is its area? 
Round \oiir answers in a and /; so that all the digits re- 
tained will be significant. 

2. a. A turkey weighs 17 lb. 5 oz. What will it cost at 47 1/2^* 

a pound? 

b. A turkey weighs 17.3 lb. What will it cost at 47.5(i a 
pound? 

3. a. A man begins work on a job at 8:45 a.m. and quits at 11:09 

A.&t. What should he receive at 87 1/2^^ an hour? 
b. A man begins work on a job at 8.75 a.m. and quits at 11.15 
A.M. What should he recei\e at 87.5(* an hour? [Note: a 
decimal time clock is used in /;,• 8.7^ means 8 and .75 
hours.] • , ' 

^ Far too many abstract decimal 'fractions arc round in current 
texts. These are relati\ely rare in life. If decimal fractions are 
to be real ahd have meaning, tliey should grow out of measuring 
experience with instruments gradu!lted decimallv. 

When decimal measuring units are used, it is very casv to a})plv 
the necessary rules for computing with appro.xiinate data. This 
is one of the best rea.sons for adopting decimal measuring units. 
With our old units it is difficult to appl\- the rules for computation 
of this kind. 

These rules are just as necessary when data are given in our 
old miits as when data are given in decimal units, but unfortu- ' 
Irately, as the result of ignoring them, irom 40 per cent to 90 per 
iicnt of the answers to the practicaU problems found in many 
mathematics and science texts are wVong. Ignorance may be 
bliss, but it has no place in mathematics ancl science texts. 

f.OMPUTATIOX WITH APPHOXIMATK UATA 

Computation with approximatt? data is needed in a large pro- 
poriioii of the problems of life, since these problems contain ap- 
proximate data secured from measurements or taken from various 
handbook tables. The table on thd properties of saturated steam 
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in the Handbook of Physics and Chemistry [9] contains 3,591 
approximate factors, and there are hundreds of similar tables in 
the numerous handbooks. ^In solving problems containing ap- 
proximate data, one should always follow the laws for computing 
with approximate data. 

Approximate da*^a are used in many phases of the mathematics 
and science taught in the^flementary and secondary schools. It 
is- not at all difficult to teach the rules for computmg with approx- 
imate data in the seventh, eighth, and ninth grades. In fact, it is 
easier tb teach the fundamental facts of this topic in these grades 
than it is to change the computational habits and concepts of 
graduate students who have always used ''exact'^^computation. 
The rules for computing with approximate data should be taught 
at the earl 'est opportunity and then constantly used in all subse- 
i|uent work in mathematics and science. 

I'UTjils can tneasnrc to the nearest foot, to the pearest 0.1 foot, 
or t<> the nearest 0.01 frot; according to the graduations on their 
tape and the care with whici* it is used^ but they cannot measure 
any length exactly. There are at least ten sources of error in meas- 
uring so simple a thing as tiie distance between two points sev- 
eral hundred feet apart. Pupils should learn that no one in the 
whole history of the world has ever made an exactly accurate 
nieusurenicnt of anv length. The same is true of measureuKnits of 
time, weight, S()lmn(\ area, temperature, rotali(m, latitude, longi- 
tud(\ and the lik(\ The most accurate measurements ever made 
do not hiw c inore than eight significanv digits, and most of the 
measurements used in industry have from tlir* o to five significant 
digits. 

Figure A shows how slight is the relative v alue of tlic last digit 
of a four-digit number. If this number had been rounded to 8,890, 
the change in the third bar would have been too small to notice. 
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F'igiirc B shows how small is the rclati\ o value of the last three 
digits of a six-digit uumhei*. Three- and four-digit results are 
highlv satisfactory for most purposes. The astonishing popularity 
of the slitle rule iudustry and (Migineering is due to this fact. 

Funddnioital Concepts. Pupils should l)e taught the meaning 
of unit of mcasurcnxrnt and sU^niilcunt dibits and how to round 
numbers and wlwn and whij tlii^s necessary, The unitofincas- 
urc))wnt is thv smcdlrst unit used in a nirasurcmcnt, Tli? unit of 
nu*usur(nnrnt in the following measurements ts given iinthe pa- 
rtMitheses: 64.32 feet (0.01 foot); 43.8 feet (0.1 foot); 34.3 pounds 
(0.1 pound); 16'pounds 12 ounces (,1 ounce); 34 24'16" (I''); 
16 3 S inches ( 1 8 inch ); 6,843 miles ( 1 mil(0;J0.2 .seconds (O.l 
.second); 2.1034 inches (O.O(K)l inch). 

If a distance has hvvu m(»asured so aeeurat(^ly that it is known 
to hv nearer to 98fl3 feet than it is either to 98(12 or to 986.4 feet, 
the measurement has four sigm'ficanl digits, For all dibits of a 
)iu))d)('r to be sip\\j\i>(int. ever)/ di(iit exeejit the last fnust he cor- 
rict. (Old the error in the last di<iit must no{ be greater than one- 
half the fni/7 of nwasurenwnt. 

It the in(»asnrement 26.8 inches has three significant digits, it 
UMist \)r hetwtH'U 26.75 inches aiul 26.85 indites. If the nuwsure- 
ment 165.37 feet has five significant digits, it nuist he between 
165.365 feet and 165.375 feet, ZtMos that are the result of correct 
uK^asurtMniMit -dw significant. If the lUcasurtMueut 300 fe<*t is cor- 
rrc t to t]\e nearest foot, or lies lu^tween 299.5 fcf't '.ind 300.5 feet, 
tile uie;isur(*ni(M)t has thr(H* significant digits and tlu» t\yo zeros 
are hotli si^nifirant. /(mos Nhonld not hv wriUrn.after a d(»cimal 
point in a mixed decMtnal imU^ss thvv are significant. One can h(* 
sure that tlir nKMsurcmeiit 26.00 fret has four significant' digit.^ 
and that the ineasurement o.OOOO inches has {\\c significant digits. 

/(•ros UNccI In ui\e th(» correct placet* \alue in a ronnch^l nnmher 
are nr/t signihcant. It iS6.2St is rounded to 1S6.000, tlu* three 
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zvYOH are not significant. Zeros are also used before ^significant 
digits in a decimal fraction to give correct place value. Zeros used 
in this way are never significant. If the three-digit measurement 
86.3 millimeters is changed to 0.0000863 kilometers, it is evident 
that the micros are not significant. 

\'ariouj devices have been suggested to indicate when zeros are- 
significan but in most cases spc^cial devices are not necessary. In 
a set of measurements one can usually tell which zeros are signifi- 
cant. 

In the set of measuremc^its below it is safe to assume that the 
zeros are significant. 

^ myO feet . 

4123 " 
1:300 " 
J177 " 
mm feet 

Like people, zeros- niav be judged by the company they keep. If 
one sees such measurements as 6,()(MM)()0,000,0(K) miles or 186,(M)0 
miles, one may usually assume t^ at these are rounded numbers 
and that tlu* zeros are not significant. 

Pupils who s(»cure tlieir own data through measuring will al- 
wavs kiiow which zeros are significant. No author should ever 
give a rounded number in a problem without telling the number 
of signifieaut digits; for example; The speed of light, correct to 
three digits, is 186.000 miles per second. How long will it take 
light to go 7.927 milvs? Or the speed of light is 180,300 miles per 
second (4 signifieaut digits), or, using seientific notation, 1.863 
X 10' miles [)er second. 

To find how manv significant digits {hvvv are in a measmenuMit 
when (Uviinal measures art* not used, express the ineasurenieut in 
ivv\us of tlr(» siitolfcst unit of iucasurcmcut used. Thus, 46 has 
two siiiuifieaDt digits: 9 inches has ouv sig'iificant digit, but 9 0 '64 
iuehcs or 576 64 inehcs has three: 68 pounds 4 ()uuc(\s or 1,092 
ounces has four signifieaut digits; 9 feet has one significant digit, 
but 9 feet 0 inch(s or lOS iiiclics has three significant digits, and 
9 feet 0 32 iiiclies.or 3.4o6 32 inrh(\s has four significant digits. 

W hen e!)ai)iiinii ineasiireuieuts containing connnon fractions to 
decimals, retain onl\ the' same nnnibi*r of significant digits as 
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there are in the original data. Thus 6 inches or 51/8 inches 
(2 significant digits) is not equivalent to 6.375 inches (4 signifi- 
cant digits), and 2 2/3 inches or 8/3 inches (1 significant digit) 
is most certainly not equal to 2.667 inches (4 significant digits). 
There may be an error of onv-half the unit of- measi tremeut in 
6 3/8 inches. Since the unit of measurement is 1/8 inch the error 
.may h^e as much as"l/16 inch or 0.06 inch. With the possibility of 
an ernpr this large, no Ciueful or honest computer would change 
6 3 8 inche^s to 6.375 inches. It nuist be remembered, however, 
that abstract hypothetically c^act tractions mixy be carried^§ut to 
as many digiTs as is desired. The 1/3 that appears in the formula 
for the N'olume of a c^ne may be carried out to ten or more digits 
if tlnis accuracy is desirable. Actual!}' it should be airried oul to 
one more digit than the number of digits in the least accurate 
measured data with which it 's used. Also, all the fractions in the 
seri(vs, 1 2, 4. 8 32/64, 64/128, 0.5, and 0.5000000 are equivalent 
provided they are exact, abstract fractions. If the abo\ e fractions 
are measurements, tlie\* are not ecpiixalent. 

Common fractions are very unsatisfactory in real life computa- 
tion I)ecausa of the difficulty of finding the p •i])er of significant 
(lii^its wlien they arc used and because of the tact that they can- 
not be used conveniently with slide rules, computing nuichines, 
or logaritlnns, in tables, or for the \erv precise measurements 
c{)n)m()n today. They arc* also less convenient to t\pe and print 
than decimal fracticms and are more difficult to use in pencil com- 
putation. (.\)mputation with decimal fractions can be taught 
much (earlier than computation with connnon fractions.. For tlie.se 
and a number of other reas^nsflecini^ fractions are rapidlv re- 
placing the old-fasliioned connnon fractions. In fact, the time is 
rapidly approaching when an\' extended computation with com- 
mon fractions ma\' well be held avvr for algebra. 

Arithmetics in which all computation was don<^ with decimal 
fractions were written more than one hundred years ago [14]. At 
that time there wer(^ no decimal measuring instruments, tlic use 
of decimal money was still far fron) being universal, and there 
was no (hunand froni science* and industry for exeetnlinglv precise 
ni(\isur(Mn(Mits. Because of tli(\se facts there* was no possibility 
that wholly decimal arithmetics could succet^d. Today. howe\cr. 
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such arithmetics would he thoroughly practical apd distinct im- 
provements over existing arithmetic texts. ! \ 

Rounding Numbers. All eleftiehtary texts teach pupils hmo to 
round nunihersj Imt they usually do' not teach them the really 

. important concepts and practices: when to round numbers or why 
the answers to certain problems must be rounded, and how to [ 
determine the number of di<:^its to retain when rounding data or 
answers. Some situations in which it is desirable or necessary to 
roilM numbers follow: (a) In constructing graphs, it is usual to 
round data to two, three, or, in x ery large gi.aphs, four significant 
digits. {[)) Datuobtained from handbooks nuu 'be more accurate^ 
than are needed to work a problem. Thus, the \alue of z to six 
digits is 3.14159. To find the circumference of a circle 8.6 feet in 
diameter, should be rounded to 3.14, or to one digit more than 
the di^ta. All ccmversion factors and similar data are rounded in 
this manner, (c) Data to be learned are usually rounded. Thus 
the speed of hght is usually rounded from 186,284 miles per sec- 
'^ond to 1S6,(MK) niiles per second; the diameter of the earth at the 
etpiator is usually rounded from 7,926.8 miles to 8,000, miles; the 
acceleration due to gravity at sea le\el (Uititude 45^') is usually 
rounded from 32.1.72 feet per second to 32 or 32.2 feet pc^ second; 

\md the length of the light year is usually rounded from 5,875,- 
.156,800,000^0 6X10'-. (k) Computation usually introduces 
digits that are not significant. Such spurious digits must bo 
rotmded off. (e) If an answer accurate to only n digits is desired, 
it is customary toVound all data to {n 1) digits !)eforc com- 
puting. Some authorities round to (n -|-2) digits. Later in this 
article rules are given to determine the number of digits to be 
retained in rounded answers. 

The following rul(\s may be used for rounding numbers: 
1. If a number, correct to a certain nunilxM* of significant digits, 
is to be r()nn(l(»d to a smaller number of significant digits, tlu* 
digits that ar(? dropped should !)e rc^placed by zeros. When the 
digits that are dropp(*d are located to the right of the deciriial 
point, thvv should not be r(»pla(Td !)y /(M cis. Thus the polar radius 
of the earth. 3,949 niiUvs, ronndtul to two dibits is 3,900 nules; but 
1 of latitude* at the [)ol(^s, 69.41 miles, rounded to two digits is 
69 mil(»s. 
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2. If the first of the digits thi^t arc to be dropped is 5, 6, 7, 8, or 
9, the hist di«'it retained shotild be increased bv 1. The mean dis- 
taiicv from the earth to the moon, 238,854 miles, rounded to throe 
siuuifir ant digits is 239,(K)0 miles; and I of latitude at the equa- 
tor, 68,71 miles, rounded t(^^ two significant digits is 6& miles. 
Some texts say that when 5 is dropped, the preceding digit should 
he iifcreased by I if it is odd but left unchanged if it is even.. 
About the onl\' adx antage of this rule, if used, is that all students 
will ronnd in. the same way. Since there are as many e\ en as odd 
digits, when a large iipmber of addends are sumniod, the errors 
will tend to com^rensate. If this rule is used, it should he used 
only for limited cases of 5, 50, 500, 5,()0(), and so on. If some 
number such as 234,512 is to be rounded to three digits, the third 
digit should be increhse^l by 1 whether it is odd or even. 

AJJi/jfj rtNf/ Subtracting Approximate i<umhcrs. In a set of 
measureMuents like those shown in a. each measurement should 
be given. to the same imit; in this case the tenth of a foot is the 
unit of measurement, since each measnrement is made to the 
u(*arest tenth of a foot. 

a. 42.6 feet " h. 26,24 icvt c. 9 8/16 inches 

SO.O * 30,(K) " 4 3/16 

.76.3 ^' 16.36 5 1/16 

^S.O ^' 41.30 " 3 0/16 

206.9 iWt^ ' 113.90 feet 21 12/16 inches 

In sc»t a. the zeros are significant and must be written as shown. 
In si*t I), since the* unit of measurement is O.Ol foot, the 7.eros are 
significant and cannot be omitted. In set c, the unit of measnre- 
nn iit. 1 16 inc h, is clearly indicated. The 8/16 inch should not bl» 
reduced to 1 2 inch. The 0- 16 is necessary to show the same miit 
has bet^n used for each measurement. The 3 0 TO in r is just as 
neeessarx to show that this measurement is accurate to the nearest 
1 16 inch as is the 8.0 fec^t in a to sht)W that this nieasureitient is^ 
accurate to \\\v nearest 0.1 foot. TIkmc is a vast difference be- 
twern <»\aet. abstract fractions and \]\v concrete fractions ob- 
taiu(»cl 1>\ measuring. '\\\v fractions obtained by measuring are 
lu'xer exact and must be treated as all approxinVat(» data arcv 
treated. Tlie last digit of each measurement in a and h is a nearest 
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digit and may be slightly too large or slightl)' too small For rea- 
sons given al)(jve, the last digit of the answers to e/, and c may 
not be significant, but in practical work the best rule is to retain 
the full answer. If the 12/16 in the answer to c is reduced to 3/4 
inch, the indicated accuracy of the answer will be reduced from 
three significant digits to two significant digits, the precision of 
the measurenients will be lessened, and an important part of the 
original data, the ui.iit of measurement, will be lost. 

In snl)tracting approximate numbers it is better to retain the 
full answer, as shown in il Quantities to be added or subtracted 
should be measlired to the same unit. Sometinies it is necessary 
to add measurements niade by different p(H)pJe or measurements 
and results obtained from computation. In these cases it may be 
^iecessary to roimd the data to the same unit before adding. 

il. S6.24 inches/ r. 251. fe(*t /. 3. inches 

23.41 ^ 32.641 • 1.8762 " 

62.S3 inches ^-37 " • 

1?().5 

Uufortunatdy. examples in addition and sul)traction like c and 
/ mav still found in certain textbooks and in exan)inations con- 
taining obsolete pr()cess(\s. The pupil is usually instructed to "fill 
tlu* (Mupt\- places with zeros and then add or subtract." Kxaniples 
of this tvpe do not occur in real life, an;{ tliey should not appear 
in up-to-datp books. Keevp says, 'Wot only is an example like 
12.7 — *4.()39() a non-essential, but it is an (*vid(Mice of educational 
iguoraucc' (1'^]. 

Writiuii al)()ut similar cxaui[)l(»s found on so-called standard 
tests (9.4 — l.OOOSo and 3.()(M)fin, Upton .says, "How is a 

teac her to keep her halauee when pr(vsuma])Iy anthoritatiN e t(\sts 
<X\\v proIiK'nis like the al)()\('?"' [15]. Bnieekner and (irossuiekh* 
sa\ in couneetion with similar examples, '"\ \\v teacher who gi\es 
examples of this t\[)i' is defeating one of th(* purposes of teaching 
chH-imals. Neitlier business nor sei(MK-e us(vs such procculnres." 
.\n(l. Hi^aiiK ""Haynetl decimals never ocrur in social usag(^" [(^1. 

It shoidd i)e noted that if \\\v /.eros in an (^XcUnpU^ like tin* fob 
lowimi; dvv not si^uifieant. the tAampl(\ \ iolates th(^ rul(^ that all 
measurenientN to be tulded or snl)tracted should I>e measured, or 
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^ rounded, to the pnie unit,. This is another case of "I'ugged deci- 
mals." 

\ " 46 feet 

- 210 "' . 
3,400 " ' . 

16iJ,000 

■ — ' — . » 

Examples c mcXf violate the fundamnital rule that all measure- 
ments to he added or suhtractvd should he measured to *^'e same 
unit. Certainly no experieneecl person would think of^uSsxig four 
different units iif one set of measurements, No one uses {i yu^- 
, stiek for part of u set of measurements and a micrometer for the 
halance. ^ 

Computation never increases the accuracy oS the, data, Culli- 
niore sa\s, "The frequent Tuibit of carrying results to a greater 
number of significhnt figures than the data warrants comes peril- 
ously near to Iviug with figures" [7]. The teacher who anfiexes 
^ zeros in examples like c and / and thus makes people beheve that 
rough data are \ ery accurate data is no longer "perilously near"; 
he has arris ed. It is never pcrmissd)le to annex zeros in examples- 
like e and /. Tlie measurement 251 feet in e may be anything be- 
twe(^n 250.500 feet and 25L5()0 feet; therefore 251.000 feet is only 
one of a thousand possi])le \ alues, each of which would produce a 
different answer. ^ ^ 

A measurement like 3 iru^hes (f) is a very rough measurement, 
whereas 'S.OCKK) inches is a \ ery precise (small unit) and accurate 
(five significant digits) measnren ent. In no sense are' 3 inches 
and .3.(){K)0 inclios equi\ alent. If the 3.0000 inches has been meas- 
ured cf)rrcetly to the nt^arest O.OOOl incli the zeros are significant 
and no practical measurer would omit them. Zeros shaidd never 
he antiexeti^in addition or suhtraetion. 

Criteria for Aeeurueij. T]i3 measurements 4,832 feet/48,32 feet, 
and 0. IS32 fvvt are all e([ua]ly accurate, sukv they have the same 
number of significant dii^its; hut the last measurement is the most 
pn^cise. since* it has a nnicli smaller or more preci.se unit of nu as- 
nremcnt. .\n instrument of precision was n(H*ded to make the last 
measurenuMit. A measurement or tlie answer to a pro])lem must 
ha\(»^Iu» decimal point correctly located, but the location of the 
• deeimal point doivs not indicate th(* aecnracv of a measurement 
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or the acctiracy of an aiis%ver. Many texts instruct pupils to caj'r\ 
out answers in cli\ ision to u stated nuni])er of decimal placi'S, This 
is not a satisfactory criterion and often, leads to serious cM'rors, 

The t^vo examples below are taken from a svt of examples luiv- 
ing the iusti uctions, "C^afry your answers (uit to the nearest hun- 
dredth"; 

_ 3,865.74 ,02 
a. 2.16 XSqO. b. 83,61 f 17432"' 

In a the answ er should be carried cmt to four digits and rounded 
buck to three; o.STO. is the l)est answer. In /; the answer should 
be earned out to five digitr and rounded back to four; 0.01713, is 
the best answer. The ridiculous uuiswers obtained bv carrvintt out 
the instructions show how unsatisfactory such in.structions are. 
It is triie that a careful textbook writer will iwu d such absurd 
extremes, but his examples \vill be highly artificial, since he nmst 
ju^^le all his data to make them fit the in.structions. 

The only safe criterion is, carnj flic answer put to, or wwut the 
(nistcer to. tlie mim})cr of si^nificiint digits justified by the data. 

The eriterion for accuracy that is easiest to applv in the ordi- 
nary computation used in elementary schools and in higli schools, 
is the number oF significant di^jits. This eriterion* is satisfactory 
for all but the most refin(?d sci.Mitific computation. Changing the 
three-digit mcuisurement 86.3 milliineterS' to 0.0000863 kilometer 
does not cha.ngc th(^ aceuracy of the measurement. Since S6.3 
millimeters and 0.0000863 kilometer each have three significant 
digits, they are of the same degree of aceuracy. A rueasuroneut 
Ii(ivi)i(^ three si<iuifiea)it di^lits, or tJiree-dif^^it aeeuracy, is more 
(leeurate tlian a ineasurenient havin^i^ two si<^uifwaut digits, or 
two-dii^it (leetiraey, \\\ approxinu^te number ba\ ing four signifi- 
cant (limits, or four-di^it aeen-acy, :s more accurate than one hav- 
ing thr(*e significant dibits, or three-digit aeeurafA-. An approxi- 
mate number ha\ ing (h ~ 1 ) j^nificant digits is more accurate 
than i)uc having only (n) suj^eiuit digits. 

If two measurements Ikuc tlu* sam(» numbcM* of significant 
dibits, the one that bt^^ins with the largtM* dii^it is the more accu- 
rate*. 'I'hus S.76 ftet is morc^ aeeurat(» than 342. feet, 4.37 fec^t, 
0.135 I'cct. or f)3,S feet. The? nieasuKMUt^nt 99.9 fc^et is ver\' near to 
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four-dipt accMrcic\\( 99.9 + 0.1 - 1(M).()), wluuvas tho niea.sure- 
nirnt iO.O fc^ot lui.s just t;ot into the throo^ligit 'ciu.ss (9.9 + 0.1 ). 
If tlicro is an error of 0.05 foot in oach of the last two nieasnre- 
indits, the mor in tlio fir.st Is 0.05 in 99.9 or I in 1,998, whoroas 
tlu; error in tlie second is 0.05 in 10.0 or 1 in only 200. It is easily 
s(*en that Vvror in the second nieasnrenient is far more serious 
than the error in the first. The ratio of the error in tJw meamirc- 
mcnt to tltr mrasuronrnt itself is called the relative error. Where 
a rigorous crit(»ri()U for accuracy is n(»eded, the relative error 
should he us(»d. 

The smallest whole number witli two digits is. 10, and the laf-g- 
c^t is 99. Since the miit.of measurement is 1, the maximum error \ 
to allow two significant digits in each of the above numbers is 
0.5. The relative errors will be roughly 0.5/10 0.05 5 per 
cent and 0.5 99 b.(M)5 0.5 per cent. That is, in a number 
with two significant digits the error will range from 5 per cent 
down to 0.5 per cent. The location of the decimal point will not 
affect the range of th(» error. The numbers 99, 9.9, 0.99, and 
(),(K)()99 w ill all have the same relatix e error, 

The range of (MTor for num])(MS with more than two significant 
(hgits may he found in the sank* way. The table below shows the 
range of errors for nmnbers of two to iv significant digits. 

\ti))ihcr tif Sitinifi' ilants^c oj Krr,ir 

taut in Vvr Cent 

2 5 to 0.5 

:5 0.5 to 0.05 

< • 4 0.05 to 0.005 

5 O.OOo to 0.(K){)5 

The mctisurenient 10 \(i inches or (r\ 10 inc*h may hav(» an 
"error of one-luilf the unit of measuriMuent, or an error of 1 32 incli. . 
.Sinee 1 32 : (>t If) 0.0078 or 0.V8 per cent., this falls in tiie 
tu'o-cllL^it rau<j;(» and cheeks the (if)})r()xi))iaf(* rule ^iioi earlier /n 
this arfiele for fuHlinn the iiumher of siti)iifiea)it (Ii<^its when (led- 
fiuil tdiits icere not used, .\gain. an (M ror of 0.5 oimci* m tlie meas- 
rn'cnuMit 12 pniuids 4 oune(\s or onne(*s will \)c 0.5 in 190. 
Sim e 0.5 : i9f-i (^0025 or 0.25 piM* cvwi. ihc UKMsurcMnent has 
an error betuccn 0.5 p(M' cent and 0.05 per cent and is in the 
threc-di^it ehiss. 
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The .iv\pc»rt always writes the full diuieusioii. No designer, 
(IraftsiuaiK or engineer would write 2 inches when he intended a 
dimension to he 2.()()()(l inelies.' In addition to this, the tolerance 
( th(» amount of variation permitted in the size of a part) is usually 
i!;i\ en. If a shaft is to fit in a hole, the dimensions might be given 
as follows: 

lIoU' 2.(H)() intli(\s ' ,www. ' I Shatt 1.999 uiehes ' t^^\^\^ - i 

().(M)() inc h ().(K)1 meh 

That is. hole ean varx from 2.000 inches'to 2.001 inehes, and 
the shaft ean \ arv from 1.99S inelies to L999 inehes. An engineer 
would ne\er write 46 for 46 iV or 46 00' 00'' (either form is 
pcM'nii.ssihle ). Thr V. S. (.'oast and (ieodetie Survey goes so far as 
to writ(» 100 00' 00.0" whru a position has heen located to the 
iu*arest 0.1 sceond of latitude or longitude*. 

In contrast to the* con-ect and scientific practice* followed by the 
technicians. th(* a\cMaii;c» pcMson v(My often gives oidy part of the 
iuca^nnMU(»nt. Thus a man wanting a tabic* of a certain si/e, such 
as 4.i;0 fi>et hy flOO feet, or 4.000 feet by 6.000 feet, or 4 feet 0 8. 
inth b\ 6 feet 0 S inch, or 4 feet 0 64 inch by 6 feet 0. 64 inch, 
will usually write tlu* dimensions 4 fec^t by 6 feet. It is, of.cour.se, 
iiu[)()ssible tt) build a tabU* "exactly" 4 {vvt by 6 feet, but since it 
is rclativeb eas\ to m(*asmc to three- or four-digit accuracy, a 
car[)cntcr buildinu; the table will most certainly not have an error 
of O.o foot in eitlier dimension. It is rc*asonable to assume that 
the* ern)r will not b(^ gr(\it(*r than 1 16 inch in such a pi(*c(* ot work 
an experienced craftsman. 

If tlie rules for com[)uting with ai)i)ro\imat(* data are foIIow(*(l. 
(he area of a table \ fei't bv 6 feet would' ha\(* to b(* r()mi(l(*(l to 
on{*-(huit ac c'lraev . The answ(*r 24 .s(joare feet would b(* rouneNnl 
to 20 s(jiiare h'et. It is obvious. liowe\er. that since the intended 
aeeurac \ is at least tliat indicated ])\ dimensions of 4.0 feet by 6.0 
[j'et and doiibtless b\ dimensions of 4.00 feet by 6.00 feet. th(* 
ahs\V{-r 21. s(|Uare feet or e\(Mi 2 t.O S(|uare feet is a b(*tter answ(*r 
than 20 s<jnare b-t'l. Tlie trouble is not with the rides tor com- 
puting w itii .ipproxiniate data but wit!i the careles.s w a\ in win'ch 
the data w ere ^i\ en. 

\ e.ui)i-nnM wishes In I)u\ a door "exacth" \ leet b\ 7 U*et. 11 



ERIC 



2.5() ' Tilt: metric; system 

the door is 1/16 inch short, he will doubtless ha>e no objection, 
and if it is I/IC inch to 1/8 inch too long'for his o|)ening, he will 
plane it off and be happy. - . 

When our ehunentar)* textbooks begin to give thyir data cor- 
• rectly and to teach pupils how to use these data correctly, we will 
have far better nuithenuitics in the elementary schools and far 
better preparation for high school nuithenuitics and science and 
for real life applications. 

Rules for Multiplying and Dividing Approximate Niunbcrs. 
When two approximate numbers are to be nmltiplicd or divided, 
the following rules should be used: 

1. // tivo approximate numbers fiace the same number of sig- 
nificant digits, multiply the nund)crs and round off the product 
to the same number of digits as there are in each factor. The last 
digit of the answer will not always be significant, but this nde is 
satisfactory for all elementary work and is ustudh followed in 
scientific work. For example, 2(13 X 9.25 243.275. This result 
should be rounded to 243. 

2. // one, of two approxinmte numbers has more significant 
digits than the other, first round of] the more accurate approxi- 
mate nund)er so that it contains one more significant digit thqu^ 
the less accurate approximate numl)er. Then multiply thenum- 
hers and round off the product to the same inunber of digits as 
there are in the less accurate factor, A product can never luive 
more significant digits than ihvvv are in the least accurate of the 
factors used in tlic computation, and in some cases it nmv have 
one less significant dii^it; but for i^K'HU'irtary work tlie rules given 
above should he used. For i^\ampl(\ 34.5 X 42.1555 ^ ? s{u)uld 
be worked as 34.5 X 4246 1,43 (.520. This result should be 
j'ound(Hl t(> 1.4.50. 41ic /.wo is not significant. 

3. // two approximate numlxns in division have the same num- 
her of significant digits, carry the (pioticnt out to .)ne more digit 
than is contained in each of the given numbers. Then ro^nd off 
the (pioticnt so that if contains the same number . f digits as there 
are in eaeli of the given numbds. i'or <Aaiupl(\ 1.53 : 02.5 

2. t IS. Tins icsuh should hv ronndcd to 2.45. 

J. // thf dividend and divisor arc such that one of them has 
mine siiS^nifieant digits than the other, first round olf the more 
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accurate number so tkit it contains one more si(^nificant ili}:,it than 
the less accurate number. Then divide and carry the (juolienl out 
to one more di<^it than is contained in the h'ss accurate of the two 
numbers. Finalhj round off the quotient to the same nundwr of 
digits as are found in the less accurate number. Tims in the 
example 884 : 2,150.42, round to 884 -:- 2,150 0.4111; then 
round the answer to 0.411. Note: 884 2.150.42 r=r 0.41108. 
which also rounds to 0.411. I . 

When the above rule.s lor dividiuii; approximate numbers are 
used, the last digit of the (|uot^ent will not always be significant, 
but these rules are satisfactor\- for all tilementary work and afc 
usually followed in work in science. ^ 

.The four rules given above ma\- be eombined into a single rule. 
In multiplication and division the answer caii never have mare 
significant digits than there arc in the least accurate factor. An- 
swers should be rounded to the same number of digits as there arc 
in the least accurnte factor's^ 

Rules 2 and 4 nia\~save et)nsiderabl<' unnecessary computation, 
esneciallv in texts where the author lias not used consistent data, 
birt thev are not essential and consecjiiently may be omitted if 
desired. . ^ 

A rougli (Uynnnstration like the one below will help to show 
the reasonableness of the laws for nndtiplication. The uncertain 
digits are in boldface. All digits o1)tained by using Uiese uncertain 
dibits are also shown in boldface, <*xeept tho.se combined with 
dibits carried from the boldface digits. The problwi is: What is 
the area of a rectangle S.65 feet by 7.43 feet? 

^ 8.65 
7.43 
2595 

moo 

* (')()."i5 

^ f) 1.2695 lii'-^t ;in-<\vcr d 1.3 

It is evident that it would be dece'ptive to ret;iin niore tluui one 
uucert.iin (li'j;it. This device may be used for inultiplieation or 
(li\isi()ii. Tupils may use 'red pencil for the uncertain digits. 'A 
second demonstration is to take the product of the two lower 
li;nits Si) 1-5 7.125' and the two upper limits (8.655 X 7.435) 
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and round the* answers to tluw digits. If all thr j/ossihlc coni- 
hinations hctwocn these; limits arc lakcMi, llicrc will he 11 X 
or 121 difl'oRMit answers. Any one of these may he. the answer. 
If, howe\er. Rules I and 2 are foUowed, the hest answer will be. 
ohtaini^d in a \ ery hivge [)er cent of tlu* cas(*s, and in most of the 
other cases the error in the last digit of the rounded answer will 
seldom be more than I. In a \erv f(»w cases it nuu* be 2 or e\cn 
3. It is far better to run the risk of a sniall error in tlie last digit 
in a \er\' small per cent of the cases than to follow the prc\scnt 
^lan of retaining two, three, four, or more* digits, that ixiv not sig- 
nificant or the ecjually serious error of dropping digits that are 
significant. 

5, In the actual tcork of J/r/r/Z/ig two ai)i)roxiniat(' numbers, it 
is so)nctinu's ncccssanj to annex zeros to the dividend in order to 
secure in the (juotient the nund)er of di^ts warranted Inj tlie ori}!^- 
imd data. In the example (S6.2 the answer should be car- 
ried out to fom* digits and rounded back to three (the an.swer is 
9.14). To secure this answer it is necessary to annex several 
/(Tos. If the (li\*idend in such cases is n)or(* accurate than the 
divisor, th(* original digits may b(» retained instead of following 
Rule 4. Tlie zeros annexed in division do not affect the aecuraey 
of the diffits retained Inj followin^^ Rules "J and 4. Four zeros w t^re 
anncwed to get the answ(T9. 141, which was rounded to 9,14, The 
same answcM* ma\" be obtained bv rounding to three digits the 
(juotient obtaiiu^d b\' div iding anv of the following numluws by 
9.43: <S6.2(K)()(), 86.21111, 86.21234, 86.23333, 86.21987, 86,18888, 
86,19999, or an\" nue of s<»\(*ral lumdred otluM* nmnlxTs obtainc^d 
bv annexing digits other than /(*ro. In anv of tlu» aI)o\ c eas(\s th(* 
annexed digits enable the computer to get tlu* number'of digits 
to which he is entitUnl the rules that ha\ (* been gi\ en, but they 
do not clumgc^ the first three* digits of the answcM*. In actual prac- 
tice tlie onUj diiiit ever annexed is zero. If this sanu* t(*st is made 
in a(l(Uti()n or subtraction, a large arra\ of diflerent answ(MS will 
h(* ohtaiutMl. It is never j)crniissil)le to annex zeros in addition or- 
suhtracti(nL 

6. 77/r answer in sfjuarc root shcnild contain the safne )nt)nl)cr 
of \ii[tiificanf dinifs as there arc in the aj)j)roxin}ate number whose 
roof is s(ni<j^ht. The S(iuare root of (if is .S.O, and the sfjuare root of 
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64.W is H.(HH). It ia better to carry the answer out one digit farther 
ihun warranted and then round hack as was done in division. 
Both tlu- 64 ami the t>4.(M) used al)o\ e were assumed to be approx- 
imate immbers. The scjuarc root of an exact number may be car- 
ried out to as nuiii\ digits as desired. In practical work this will 
usually be defeennined in the other data in the problem. If the- 
root i.s to be ns('d with data of n significant digits, it should 1)0 
roiuided to (n -i- 1) significant digits. 

\ When used in niidtiplication, division, and square root, the 
ruh's for cominitin<; with approximate data shotdd he appUed onUj 
to the approximate factors. The 4, 3, 1, 2, 6, and 4 hi the follow- 
ing forumla.s are exact munbers: 

\' 4 .3 - r; .A . 12 (lb, V - /i/fi ( n + 4;;i + T ). ' 

Pupils ninst be trained to differentiate between exact and ap- 
proximate unnibers. 

llxart \'und-( i.s. 'l. Xund)ers obtained bij counting arc consid- 
ered exact. This is espec ially true when the elements counted are 
practically identical, such as six nickels, eight l-inch steel balls, 
twelve standard eggs of the same grade. When the elements 
eounted are not identical the "measurement" may be wihIUj ap- 
pro.ximate for some purfum-.s. If a new dexelopment contains 
cightv-Mx houses all bnilt from the .same set of plans and co.sting 
•ST.fioi) eac h, the SO may be eonsidered an exact number. Ho^v- 
e\cr. if there are in a town eighty-.six houses ranging in valiu' from 
a uiauMon eosting .S9."5.(X)() dowii to a .shack eo.sting $800. the 86 
is\'\act ouK in a "'eensus" sense. 

{.arm- numbers obtained by counting should he carefully 
( hccked to see that eountiiig produced no error. If we r( ad that a 
certain cil\ has 2.276.;iS.") iuliabitants, we may be sure, tor a nmu- 
hcr of uood reasons, that little confidence can be placed in the 
last twf) or three (li'j;its. 

2. SiiKill u hoh- iiiimhi r.s in Kuioiis formulas arc ahnost ahcuiis 
■ ixait 

If iipothi li( (d iiii ti\uii iiient.s maij he (•tmsidercd exact. If the 
sides of .iA(|iiare Wde e\a( tl\ 2 inches, the perimeter would be 
r\ac tl\ S inches, the area would be e\actl\ 4 S({Uare inches, and 
the di.igon.il 2\ 2 incli. Tlie \ '2 in this c-asf could he carried out 
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to any desired number of significant digits. It might he well to^ 
note, however, that no one could construct such a square or nieas^ 
ure its sides exactly if it did exist. A hypothetical square foot 12 
inches by 12 inches contains 144 square inches, and a hypotheti- 
cal cubic foot 12 indies by 12 inches by 12 niches contains 1,728 
cubic inches. 

Approximate Numbers. 1. All viecmirements of all kinds are 
approj^inuHe, 

2. Ratios of measured results arc approximate, 

3. Many numbers,, or ratios, such as 2/3, \/3, tan ,v, and so 
on, cannot be expressed exactly by an ordinary mixed decimal or 
decimal fraction. When the fust n digits of such a number ari 
takcrt^te-^fHrntisfactorij approximation^ the number' thus obtained 
Ls' approximate. 

4. All rounded numbers are approximate. The answer to any 
problem in which approximate data are wsvd is approximate and 
must be cornxtly rounded, 

5. Fructieallij all the numbers taken from various handbook ta- 
bles are approximate. There are hundreds of such tables, .some of 
which contain thoii.sands of approximate numbers. 

6. [f is fairl) safe* to assume that practically all iuixed deeinuds 
and dccinud fractums aw approximate*, 

MiseclUuwous Rules and Su<:(yeslions, When such approximate 
MinnbcTs.as 0.7854. 1.732 (the \/3). or any of tlie thousands 
of physical constants, ratios, and rt^duction or couN ersiou factors 
found in the \ arious handbook ta])les are used in a fornnila or 
prol)I(MU, round off the value found in the table to one more si<r^ 
nificant digit than is CHjntained in the least accnratt^ of the other 
approximate numbers in the formula or problem. This agrees 
with the rul(\s for nniltipl\ :n'^ and di\ iding approximate* numbers 
and for partial prothiets. .\ text should nexcr sav r ~ 3.14. or t 

3.14U), or tlu^ like, '\\\v only sati.sfact<>ry procedure is to round 
to ei^ht siunihcant dibits, making - -3,1415927. Th(^ pupil 
shoiihl th(Mi be taiiirht to round this value to one figure more than 
}n\s (lata. Ili'^ht significant digits were ehosen luxause an eight- 
si'^nific-ant-diLn't uKM.snrcMnent is the most aeeiu'ate measunMuent 
that h.is hrrw made u[) to the present tinuv The vahu* of -could 
be i^ixcn. of rourst\ to six, sexen. (M^ght, or as man\' digits as are 
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clesirecl The \ aliie gi\cn should contain more digits than any of 
the data givni in the text. The same thing should be done with 
conversion factors, that is, 1 kilometer — 0:62136995 mile, 1 liter 
; 1.0566818 liqufd (luarts, I kiloi(ram r. r 2,2046223 pounds, and 
so (in. The \ ahie gi\'en siioul|| always be suffieiently accurate for 
atiy lueasuremen't that will.nbvcr be needed in the text. Note: 
T(»chnieally it woukV be letter to say LOOOOOOO kilometer = 
0,62136995 niile; that is. both sides should he given tlie same num- 
hvv i)f significant digitsr Irtandbooks, h()we\ er, ne\ er do this. 

W'lien finding the procjiicts of three or more approximate num- 
bfM's or when S({naring or cubing an approxinuite number, follow 
tlu* rules for viultiplication. If possible use the more accm*ate fac- 
tors first. Somewhat better results will he obtained if one more 
dii^it is retained in the partial produets than will be retained in 
tin* final answer. A similar rule* may be used in division or an ex- 
ampl(^ in which both nuiltiplication and division are needed. 

In this vital matter of computing with approximate data in the 
(»l(Mu(Mitarv scliools and the high schools (rr need sii)iple conmt- 
ent rtdes that ea)i he easily applied, vStatistical and othvi refine- 
ments ar(* matt(Ms for the college and graduate school. Tlic ndes 
\l\\ cu in this article form a safe foundation on wliich the graduate 
.school ma\' bnild. It is true that when the rul(\s given in this arti- 
cle are used, now luul then a fiJial digit that is not significant will 
be rt»tained. This is not scmIous and will not conflict with work in 
sei(MK'e where it is conunou practice to retain a final figure that is 
on th(^ **rai^y;( d (^dge." 

Manx of our modern textbooks are hii;hl\' inconsistent in their 
treatmrnt of computatioii with approximate* data. Duane Roller 
sa\s. Alost t(»xtb()()ks di.scnss the concept of significant figures 
t(iiu;it*^ ^ l)ut fail to take* it into account in stating problems of a 
(juantitatf\(» natnr(\ thus making it almost iiupo.ssible for the stu- 
(l(Mit to use the iden of significant figures in .solving problems" 
I lO). .\ few modern tc^xts gi\e a fairly good treatment of compu- 
tatif)n with approximate* data, but in succet^ding chapters and in 
their aiisw(M' books they fail to foHow the rules that they have de- 
\('l()j)ed. In ot])er texts tlie cliapter treating approximate data is 
pKu rd at the cud of tlu* text. 

I'lie data in ant/ <iiv('n proldem in mathematics or science 
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should he conmtcnt and shouhl clcarhj inclicatr the accurtuij de- 
sired in tlie (nistver. \o answer hook sliouUl giw, Jiiul no ti\iclu»r 
sluHiUl allow, mo\v digits in u final answvr in innltiplication, cli\ i- 
sion, or S([narc» root tiuni tlim» arc* in tlu» Irast accin'at(» it(Mn. Tin* 
torni approxinuite eomputation slionld not ho nscnl. Thcdata in a 
problem uuni he approximate hnt tfie eomputation is not.' (Com- 
putation with appro.\iinat(» data is not rongh, carel(\ss, or slipshod 
work. It is carefnl, intelligent winpntation that prodnc(\s honest 
answers. The answers ohtained are the best answers that ean be* 
seenr(»d from the given data. 

Till* words preeise, neeurate, and eorreet shonld not he eon- 
fnsi»d. Preeision and aceuracy are ri»lati\(\ The nu*asnrenuMits 
0.()(K)64 inch and 2.4ol26 inch are ecjnally precise (a^i (Miually 
small tmit has b(»en usi»d), hnt tlu» S(»cond nu*asnr(Mnent is far 
more acciirati* (it has niore significant digits). If an answ(»r is 
correct no mistakes in computation ha\e h(*en made ami finalK* 
it has hvcn eorrectUj rounded. 

('omputation with approxiniati* nmnb(M\s shonld he taught in 
grades se\ en. iMght, and uiiu» for the following reasons: 

1. It is the onlv *Veal life" computation for practical or applitul 
problems in which either nu*.asnrenients or any tvpe or approxi- 
mate unmbers are part of the data. 

2. It gi\*es i)upils a definite eritiM'ioii for rounding answ(»rs in 
multiplication. That is, it gi\es the why. when, and how for 
rounding. 

•3. It gi\es pupils a criterion for telling at a glance how far to 
carry out any problem in di\ ision. 

yl. It gi\(\s pu[)ils a criterion for (let(»rnn'uiug the number of 
d^its to retain wlu»u using uumb(*rs such as o. 14139. 0.785398, or 
0.-31So()9S; mi»tric couvtM'sion or rednction factors. 1 kilonu*t(»r 
().n21of)99 mill*: approximate \ahu\s, such as 1.23 cubic f(H*t 
1.00 bushc4: spc^cific gra\ itkvs. such as I Lo t for lead: tangcMits; 
and the hkv. 

3. It <4i\es pupils a critiM'ion for t(^lliug how far to carry out 
the answer to an\ e\ain[)le iii S({uar(» root. 

f). It u;i\es pupils a criterion for correetK using in [)r()bl(Mus 
data^of differing (l(\gr(^t\s of accuracy. 

7. It «j;i\es pu[)il.s a criterion for telhu^- how lar to carry 
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out the utiswer to an tuimition and how to check this answer. 

8. It gives the pupils a criterion for tellitig how far to carrv' 
otit the answer to an\- written prol)leni in apphed nuitheniatics or 

seietiee. ' , i r 

9. It prepares pupils for such approximate nie^hocis ot coni- 
putatioti as the use of logarithnis, the slide rule, graphic solutions, 
s((nare-r()Ot ta])li's, compound-interest tables, and the like. 

10. It enuhui pupils t() use our old measuring uinits eidier 
alone or along with decimal factors and to retain tlie proper num- 
ber of significant digits in the answer. 

11. It eliminates ragged decihials in addition and subtraction. 

12. It enables pupils to tell when they may annex zeros-^-onlv 
ill di\ ision and roots— and how njany zeros they may annex.,. 

'3. It gives pupijs a criterion for working with fractional meas- 
nrnnents'^and compound numbers. They will never make the mis- 
take of assuming that 4 1/2 inches always ecjuals 4 32/64 inches, 
and thes will know that if they reduce 4 32/64 ijjches to 4 1/2 
iiiehes. thev reduce the indicated accurac\- of the measurement 
fr(»jn three significant digits to one significant digit and also re- 
duce the precision of tlie, measm ement. They will know that 4 
inches has onl> one .vignificant digit, whereas 4 0/64 inches has 
three. 

14. It saves a eonsiderable amount of time spent in useless cal- 
culation and gives bt^tter results. This is especially true when 
abridi^i'd multiplication* or div ision is used. 

\o. It eliminates the incorrect rules and the large per cent of 
uron<i answers foinid in man\- elementiuy texts. Pupils will not 
be taught rules, eoneepts, and teehni(iues that are wrong and that 
nmst -later he elianged. , ^ •• 
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(.Answers (iiven in Parentht'S(\s) 

1. Hound to fltree significant digits: .S7.46 (87.5); 92.54 
( 92.5 , ■•>. 1416 • IP: 2.95(15 ( 2.960 ) . 

2. Hoiuid to four sinnifieant digits: 3.14159 (3.1k2); 0.78539 
(().7.S5l->; 218.352 (218".4()0); 218;2.52 ( 218,300). 
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3. Round to one significant digit: 3,956.5 (4,0(K)); 39.86 (60). 

4. Multiply and round to three significant digit.s: 8.64 X 7 ' 
(62.7); 14.36 X 18.29 (262.6); 42.9 X 86.5 (3.710, zero not sil- 

•rilficant); 28.56 X 8.23 ( 235.). 

. 5. Multiply: 8.7 ft. X 3.1416 (8.7 X 3.14 27 ft.); 424.86 X ' 
8.43 (424.9 X 8.43 3,580, zero not sijrnificant). 

6. Divide; 57.6 .-3.62 (15.9); 43.86 -f- 18.23^(2.406 )• ^98 -• ■ 
3.14j59 (29.8 -:-3.142 -r.- 9.48); 63.1 --89.73 ( 0.703). 

47. Find the h\ ni of a trapezoid with hi ~ 26.34 ft., = 18 96 
ft, and rt 7^:8.34 ft. (189 ft. ). 

8. "Find the areij of a triangle with /; 24.78 ft. and a 19 '^G 
ft. ( 238.6 .sq.. ft.). ' ^ . ' 

9. Give the value of - that should ho used and the circiim- 
ference.s of the circles having the following dianic rs: 2 4 ft 
(3.14, 7.5 ft.,); 22.81 ft. (3.1416, 71.66 ft.); 23.6 in. (3.142 74 2 

■ in. ) : 183.59 ft. (3. 1 4 159,' 576.76'f t. ) . 

10. Find the square root of 81.00 (9.000); 6.2500 (2.5000)- 
3.000 (1.732); 64 (8.0). • ^ ^' 

11. What in the vohinio of conical pile 32.76 ft. in dianioter 
and 4.941 ft. high? (.Solution: V =r 1/3 X 3.1416 X (16.38)- X 
4.941 = 1,388 cu. ft.) v a 

12. The .side of an ecpiilaferal triangle i.s 12.00 ft. What is it.s ' 
area? A .S- 4 v'3. (Sohition: (12.00)- 144.0. 144.0x 1/4 
X 1.7321. 62.36. Xoie: .Since 12.00 ha.s four .significant digit.s, 
it i.s lU'ccssary to retain fixe figures in \/3-) ' 

13. Multiply 437.64 ft. by 0.3241 and add 164.3 ft. (43764 X 
0.3241 141.839124). Round this to 141.8 and add (164.3 4- 
141.8 . :30(j.l ft.V. - 

14. Find the ciihe root of 498.0 ( 7.926). Find the cube root of 
m o (7..S99.S -.: 7.900, zeros .significant). 

15. Find the number of significant dibits in the following: -f 
( 1 0" to. since it is 1-U()0"): 9 t(. f 1 ); 9 ft. 0 S.in. (3. since 
it is.SfU S ill,): \2 7' 6" (61; .1 vd. 2 ft. 6 1 S in. (11; 124 70 ft 
'5^: 12{ f{. .S3 .S in. (5). 

Do \()u sc.« wh\ practical people prci'cr clcc-iinai mea.surcs? 
They h.i\c so ii,aii\ achautagcs that .scientists and others have 
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ckaii^ecl to the metric system or liave divided i,n\Y xAd units deci- 
mully; So (li\id(»d. the old units liav(» many advantages of the 
inetde systtMu hut lack the rehj^ionships so \alual)le for scientific 
work. I Note that 1. S inch ccjuuls approximatel)' O.Ol foot.) 
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The Meti'ic S\ steni in Scie^^ Education 

FlIILIP JOHNSON 

TiiKHK is wide \ ariution in the stress given to the metric system 
ill the teaching of science at secondary school levels. In fnanv 
general scicncfe and biology Hasst's very little uttentimi is given to 
such instruction, whereas in some chemistry and phvsics classes 
tlu •re will he suhstanti-al amounts of measurements, and almost 
all of tlu Mu will hv in metric units with docinial fractions. There 
hixw hvvu sonic c\ idcnccs of cliai^ge during the war \ eurs from 
gen(Mal exercise's' in ineasurenient to the applicationsvo'f measure- 
ments to actual materials, such as specifications o£ an engine 
Such e\ idence is too limited to indicate a trend in teaching prac- 
tice. There is a need for some careful research goncerning status, 
trends, and possihilities ill the use of the metric svstem and deci- 
mal fractions in science instruction. 

If we were to\isk science teachers to state whether or not thev 
* taught tiie nu»tric system, I am ({uite certain that the great nui- 
jority would respou'l afRrmati\ ely. . ("ertainly the seiiior higli 
school t(»achers of physics and diemistry would state an tt^nphatic, 
'^^'es." On furtiier questioning, I think that-scionce teacliers at 
secondarx school lexels would admit using the English swstcun in 
most illustrations, hut again many physics and chemistry teachers 
would prohahly hesitate to gix e the impression that the\- ustxh'the 
English syst(»m very much either in illustrations or problems. 
GencMal science and biology teachers would he less certain that 
tluw give stress to the metric system and decimal fractions. . 

In his study Invrstifratioihs of Vocahulanj in Textbooks of Sci- 
rncr for Srcondanj Schools' [.3], Curtis included the followinij; 
uieasiu'emeut words for general scicMice: cvnti^^radc, foot-pound, 
horsepower^ kih)wnttdiOtir, tratt, ampere, and ohm. There were 
no lueasurc^ment words in the lists for hiologv, hut the chemistrx' 
lists iuchi(l(»d: cefitit^rade, liter, centimeter. <^r(im. Fahrenheit, 
ounce, ami micron. Authors and ccMtaiu professors ot chemistr\- 
sugii;(\ste(l in addition the follf)wing: an<:^stroni unit. kilo<r^ram, 

' \llllllH•^^ ill hr.ukrts n ft-r tt» tlu' HofcrriKt-N at (lie nul nl' this aiHclf. 
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Type (if I'nit* 

Time 

Weight 



AOhune 
Length 



lOiuTgy 



TfinptMuturi* 



Second 

Dram 
Ounce 
Fonikl 

Pint 

/Inch 
Foot 
Yard 
Failioni 
Hod 
Mile 

I Iorst»p(>\vt»r 
British tlier- 
null unit 

FalirtMiheit 



Thousfnulth 
in Whick 
* ConimotHKst 

• 1 

10 

3 

1 • 



Metric {'Hit 



Second 



in Which 
Commonest ^ 

1 



4 

3 

1 
1 

1 
6 
2 

1 

12 

12 

20 plus 
9 



Cram 

OntigrajjT'^ 
Kiloj^rtrth 

Liter 

C'entimeter/ 

Met(M- 

DecamettM 



Kilometer 

Kilowatt 

Watt 

(Jaloiie 



12 
18 
10 

14 



9 
.4 

20 plus 



10 
9 



Centigrade 13 



" Vk\x iu.st.iiK r tlif \wxA' acamd is iinuMig il:«\li'.sl tlumsaiul (»t tlu* iiu»st toni- 
mmiK used tfriiis, \\l>t rtMS- tlu* vvdrd yuam is iMifunUfirtl in llu' tvvflltli tlmnsaiul 
tif is .iMH'Mi* till* ^2.(U)n inobt widt'lv ii'icd Yi)r Is. 

milliliter, niillinwtcy, and inctcr. The s .:dv did nut include* a 
word list tor plusics. 

When \vc exainiiu* a general listing o\ wr- .!s [6] as (Micpnut(Med 
ill reading 1().()()(),()()() words from niatcMials cousichMcxl suital^lc 
and characteristic of wliat high school stud(Mits r(\id, wv fiiul that 
arnouu tlu» first LOOO most conunouK' wscd words only six deal 
with nirasurement. Thtvse are; foot, inrli. niil(\ pouud. second, 
and (janl. It is n{»cc\ssar\" to consider tlu* 4.()(K) most commonly 
used words l)c»for(» a distinctlv metric t(MMn will be ^ ncountered, 
'I1iis trim is ))iete)\ The table given above shows tlu» fre([uency 
ot ./ccurrencr of certain worcl-, and InercMort* gi\(*s ar. index to 
general importance, b.i.srd on how oftiMi some* s(*li*ct<*d meas- 
iin-nient terms aiy enconntcM't-d in the reading material ot high 
school students. 

Th(* tabh' indicates that, as teachers, we have* adjusted our 
teaching \ er\ wdl to the Ui^c of UK^asurcMnent terms as h)und in 
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t^rncTuI reading. The iiicriniinating questions are: lla\e wv done, 
and are we doing, enough to encourage an aeeelerated riite of ae- 
eeptanee of the metric system, whieli we feel is the oni\' trul\- 
seieutifie sysUun? IIa\'e we been, and are we now, suifieientlv di- 
rect and clear in our teaching to prepare the way for the abandon^ 
»* ^ J vhich scientists hi\\ v long since clin ■.latcd from 
their work? Wlion fathom is more \vidcl\- used than kilometer, 
and dram is more often eneountcred in general reading than liter, 
tcaeher.c ')f twenty to forty years ago seem to ha\ e l)een rather hix 
in laying .. fonndation h)r the ge.iieral nse of the metric s\ stem hv 
tiieir fntnre writers. Arc we doiiiy anv better todav? 

Since 'vneral science is constant in nio.st secondary ^schools, we 
find in this course our most favorable opporttniit\- to lielp our 
nuth and future adults tt) understand the advantages of the niet- 
i.c system. Oiily a minority of these same stud(»fits will take 
chcMuistry or physics courses, in which, the system will again be 
I2;i\ en stress by science teachers. We will have to teach general 
sc ie*. • in such wa\ s that the metric system will come to be known 
anci iiiiderst(n)d through it.s" utilization by students and teachers, 
if we desire to reach all the students. It should.be emphasi/ed 
tliat our instruction should eoucern not so much the metric sys- 
Unn as th(»Metual us^; of thc» metric .system. \\e can help students 
to uiKlerstand that the metiic s\stem is easilv used and eloballv 
'understood. 

Many seieiiee teachers wili argue? that suc^h teaching would hv 
largely useless and impractical ])eeau.se the nic^trie systcmi is sel- 
dom eiieoimtered jn ex ervdav life. Tlie\- will contend that most 
•of the students will not become .sc.icMitists atul that those? who do 
so can learii th(» system later. In order to sense the possible sig- 
nificance of the metric .system in the liv(\s of their present general 
scieuee students, seieuce t(Mehers will ha\e to consider the needs 
of pupils as eiti/fiis (?f a world which ()p(Mate.s more* and more ini- 
(h^r the fuetrie s\ st(Mn. HuM-e is a need for e.\pc*rirneiitation in th(» 
art* I of metri( instruc tion. Throiigli a pooling of e\[)cM-i(Mices a 
sinnnury of testecf practic-(\s could be assenibh'd for the gm"danc(* 
n[ ^ciH-ral si ieu<'-e teaehers who wish to aid students in de\(*lop- 
in^ an understanding of the metric s\st(Mu. 

Hiolf)'j;\-^ represents th(» second-best opportunity to encourage 
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our tuturc adults in developing a syiiiputiictic appreciation ol i\\c 
metric sv.stcni. In l9oo- 1934 more tlj^in 53 pc»* cent ot-tlic polcMi- 
tial registrants were taking the subject. \Vh botany and /ool- 
ogy w'vvr ineluded, the percentage rose abo\c 59 [7j. W hat are 
bioloiiical seieiiee tiuiehers doin^ about *h(? metric svstemi^ Here 
again we nnist contess that little orau' \aonnation is uxailable. 
C(*rtainlv there are many opportunities to stress the use ot a sci- 
entific system of measmenients, Among these may be UKntioned 
the descriptions of specimens, the eniMgy equixalcMits of various 
foods, the temperature ^K^ales, the micron and millimicron as units 
for mcasining ;md describing microscopic forms, blood counts, 
blood pressure, formulae for nutrient solutions used for hydro- 
ponics, eompositioii of patent medicines, prescriptions, records 
for track and field events, solution strengths and dilutions, and a 
large numl)er of related topics. What biologx teachers have done 
with these (opportunities should be studied and reported so that 
the best practices may be made more generally known. 

By the tiuic pupils are sufficiently advanced for studic s at the 
eleventh and twelfth giades, many will ha\e dropped out of 
.school, and the special values of chemistrv and physics will be un- 
axailable to them. For this reason the postponemi'ut of emphasis 
on the metric sx.slem until pupils ha\e reached the senior high 
school will grratK ri*ihu'e the t*lfecti\ene.ss of metric instruction. 
(•\ I'll thou'^Ii the nature of the subject matter may on the whole be 
more appro[)riate to the de\eh)pment of more ad\ancc*d mcasuri-- 
mi-nt conce[)ts bv the sludent.s. 

It sr<*!Ms talher trite to sa\' that chemistrx and phxsies iii.struc- 
tioii is naturalK iiu-trir. \ vi nKtiix eliemi.sli'x and phxsies teachers 
do \cr\ litllc- about tramiuLi, students to use and ap[M'eciate the 
\ahicsj)t till' s\ strin. "rcNlbooks tor [)h\ sies usualK gi\ e a [)ortion 
of ,1 chapter to UMMsni'emriits. "I'hei'c are diseiissions i)t eounnon 
units. (oiivtTsioii [actors or cijuix ak'uts, \eniiers, micrometers, 
slaml.inls, lonst.iiit^. and the hkc. Sonic tcach<M"s |ll gi\c as 
ni'ic-h as a wc-ck \n llu- stud\ of iiicusui'atioii as such, but more 
luiH- Is itiMisiial. It Uiiist be luciitiouiul that much additional lu- 
st rut tiun is c-n in i clal ion tn ihc^ stud\ ot otiici' tj)pics so that ill 
thf end ol tlie cjJUisc the stiuleuts ma\ ha\c airi\ed at a I'ather 
satisiaclon malci standing ot metric ukmsui enicnls. W licther or 
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not more attention should ho giscn to direct instrnc tion tor iiii- 
cl(MstaiKlin.ir r^Hlu* in(»tric syst(Mn is not known, but tliero appcnirs 
to a t('iicl(Mic\ to niiniiui/(» the direct instruction and Jo gi\(» 
th(* instruction as the ncc^l is ni(»t in the stud\ of oth(»r phas(\s of 
the cours(\ 'ihv particular \ahi(» of (lir(»ct instruction lies in tlu* 
fact that it can ])c organized so its to forn) a pr()gr(\ssi\o de- 
v(»Ioj)nient. A \ie\v of the cntiie system can he con\(»y(*d. Stu- 
dents can hv taught to read scalers pf various types and to (wpress 
th<Mr fin(iings in lunuhc^rs as \v(»ll ax units. The lack of interest 
u hieh is (Micountered may hv dwv to the practice* of t(»ac*hing nUMi- 
suration as an end in itself rather than as a m(\ms to an v\h\. 
'I Vachers ha\ (» liad stnd(Mits minisure woodtui hlocks, she(*ts of pa- 
per, and metal cyliud(»rs whcMi the\ might ha\c had tluMu meas- 
ur(* the sp(»cificati()ns of an cngini*, such as hore, stroke, displace- 
in(Mit. crankshaft throw, and th(» lik(» [ I]. If tcachiMS were to s(*t 
beh)r(» students a uniuher of items of iut(*rest to the slud(»nts, 
there would h(» an inoenti\(* to (U t^M iniiu* tli(» ph\ sical dimensions 
of the materials. Phvsics teach(MS !na\ wish to improve the giMi- 
eral effectiveness of their direct approaclu\s 1)\ ha\ ing studcMils 
measure something which the) would lik(» to (\\amin(\ In this 
way teachers can ch*\el<)p [)laus for dir(*ct teaching of tlu* metric 
s\stem which w ill he both effective and int(*iesting. 

*lVaih(»rs of cheniistr\ \\a\v man\ op[)ortunities to stress du* 
nieirie svsteni. Ai;aiu.A\'e lunst conchich* from a sur\e\ of cotases 
of shi{l\ that the extent to whieli th(* m(*trie s\st(MU is used \ari(*s 
wideK in classroom [)ractice. Some chemistry teaeh(»rs have no 
special timr h)r lahoratorv worL au<l the\ ma\ make their course 
larL[cl\ a read-ahout-tdlk-about eoursi*. During World War II lh(» 
chouustrv tcaehris we-re nrm'd to re-eni[)hasi/(» ([uautitati\ e re- 
lationships ami to r\tcnd their stu(l\ ol neutrali/atiou both from 
the elassrooni and lahoialoiA staud[)oinls Whili* the metric 

N\stem ma\ 1h» understood in general, if is in the development of 
ijuanlitati\ e i elatioi iships that the \alues of ihis.svstem come to 
1)(» appreeiated. It the ( ju<iulitati\ e relationshi[)s^are learned as a 
part ot labotaloiv woik witfi couuuon materials, there is a likeli- 
hood that students \^ill a[)pi-eeiate the valuta's oi tin* s\stem. It 
wt)uld sreiii that hi'^li s(1h)o1 eheuiistr\ teaeliers would have 
speual Mppoi tiinilics to develop the miderstaudiu'^ ot the nu'tric 
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svst(Mii, especially as these relate to weight and vohuue rehitioii- 
siiips. There is very little in the professional literatnre to indicate 
tluit teachers have developed a clear and progressi\e plan for 
helping their students understand and use the metric system, « 

* Tlie need for greater teclinical proficiencN' on tlie part of young 
men vvlio were inducted into militarx* imits or who wvvC" needed 
in strategic industri(»s caused a greatly increased emphasis on an y 
imderstanding of mensuration din ing the vvar period. Out of this 
n(»ed cam(» suggestions [2] tliat schools put more* stress on (luan- 
* titati\(» relationships. Suggestions included proposals for general 
sei(Mice, biology, ph\ sics, and duMuistry tcMchcM's; and several ot 
the proposals had direct ref(M(Mic(» to tlu» metric system. Those 
sugg(»sti()ns were* made tlu» basis for more local suggestions, and 
a re-eihi)hasis on nuMi.suration and the metric svstcm was mged 
upon scielic(* ti*acluus, 

Au()ther)nuMns of improving instruction relat(»d to UKMisuration 
was to utili/(* films and {)ther visual aids. An appreciation of the 
\ ahu» {)f motion pictures in training vvorkcMS r(»sulted in the pro- 
duction {)f a mimbtM- of, titles, such as 77ir Sfcrl Rul(\ The Mi- 
rromrtcr. fixed Ca^cs, Verniers^ Uri^^ltt Cia^cs and Tcsf [ndica- 
tprs\ rrrcision Blocks, ^'V/^jr Blocks and Accessories, The 

B( i il Protractor, Measurcnuiit with lA<^ht Waves, These wcvv 
produced under the direction of the U, S, Office^ {)f Kducation [S] 
icud repri\s(Mit {ilm.< which avv technically aceurat(\ photographi- 
calK goinl. and echicationallv sound. Tog(»tluM- wiUi an accom- 
panvinii; film strip aud a teacher's nunnial tlu»y represent a pottMit 
mcMiis for carr\in<4 forwcud uti aspect of sci(Mic(» instruction which ■ 
has been in need of expert visuali/ation. Science and mathe- 
matics teachers should try tliesc^ new echicational 1(H)1s aud re- 
port their residts to otluMS. 

It i^ possible* that sfieuce teachers shoiild give more* careful 
thought to the development of caretully organi/(ul instructional 
matericds relatimi to the use of tlu» metric system, 'I'eacluM-s might 
well gather together suggestions for developing an miderstanding 
of and a[)prcciatian for the metric system. In such a seric s of sug- 
ijestions the\ uii^lit well include the following: introductorv ap- 
proaclle^. illustrations from everwhiy !il(\ possible (^periuKMital 
demonstrations, opportunities lor individuals or groups (it stu- 
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dents to {'xpn imcnt, plans for honiciUfidc gjit^gets, ii.sefiil library 
sources, desirable films, film slides, lantern slides, 'charts, and ' 
other visual aids, aiithorifative discussions of new or especially 
iniportcUit phases, teaching and study put* iCS, pn^ject proposal's 
for students," test materials, and other sugg^ stions which would 
indicate in consklerable\letail just what a science teacher might 
do to develop interest in and guide efforts toward effective learn- 
ing in relation to the metric system. When several teachers have 
attempted to prepare such learning guides, their giiides might V 
compared, and a pooling of tlu; better suggestions might lead to 
a resource unit whicj) would be of great \'aluc to teachers all over 
the coimtry. If anything like this has Kegi, done,' there is no rna- 
tei fHl readily available to re\ eal what was accomplished, " s 

As luvs been mentioned before, there arc numerous indirect 
methods for de\ eloping tlie metric system through the sciences. 
Sonie of'thcsQ may1n\ olve the organization of new courses, such 
as one in laboratory teqhnicjues. Others may be limited to phases 
of other courses, such as is possible in several sections of general 
science, biology, chemistry, and physies. bistriietion toward .the 
same general objective may be made a part of unit courses or core 
courses. Aiiaiii. a sharing of experiences should lead to proce- 
dures and teehni(iues which \\rc more generally effeeti\c than the 
casual plans which are in common use by science teaeliers. 

In conclusion, it may be said that science teachers ha\e not 
been very aeliv* proponents of the metric .system. Thev have 
often been careless in their selection and use of methods for in- 
troducing and teaching the .system. Many of them ha\ e depended 
upon the hope tliat students would h<aru the merits of tlu> svstem 
when they studied the more exact seienees. Nhmy opportunities 
for eallinu; attention to the advantages f)f the .system ha\c been 
lost, because there has been a \a'j;ueuess coiu'crui'isi the objec- 
ti\es to be att.u'uetl. Pupils ha\e often been bored ])v a pre.seiita- 
tion in scieufc which i)\ crlooked pri'\ ions instruetion in uuitbe- 
in.itics [o]. On the whole, we lia\e not been wry scientific in our 
(lc\elnpniciif nt the nietrii' s\steni. It is lii'j;lilv desirable that we 
should sf'-.(l\- prcscut-tlay needs and opj)oi tunities. W(> should 
tounsfl uith ti achcis. scientists, and general W()i:kers. We slioidd 
fui uiiil.ite pi. Ills which will ni.ikc it possible for science teachers 
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to (Micyuniij(^ till' advanccMuent of science and the growth of in- 
ternational nnderstanding through the more general use of the 
metric sxsteni. It is to be hoped that this Yearbqok may be the 
beginning of earefnl planning and intelligent action on the part of 
all who are now active participants in the teaching profession. 
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T]w M(*tric S\'stcin: ' 
A 'IVachiuL!; l-nit for jniiior Hiu;li School 

1 r. JDllN.SON 

Prc'n'Cjiiisitf's 
I. TIh^ fnndanuMitals of (h^cinials. 
II. Apprnxiniatt^ imasnrtMUcnt. 

A MiuisiinMiKMil to n(\ircst foot ami nearest inch. 
H. Hniindin^ nil' t() inMrcst t(MitIi, Iinndredtli. and thousaiulth. 
III. K]i()wl(nl'4(' ol lit)w [{) find ar(\is of rtn'taii^lcs. 
I\'. Knowledge of liow to do sinipli; cxan)ples in perLrntage. 

( ( ;as(\s I and II.) 
Materials 

I. Miiilit nictrr » Mc'ks. Two yardsticks. 

II. liacli stndciit should ha\c foot ride marked in niillinieters 
I mm and sixtccntl oi »m inch. 
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Specific C)l)jectiv(»s 
L Estimation of metric leugtlis — within 10 per. cent error. 
II." Actual lueasurement of objects in metric units — to nearest 
centimeter (cm). 

A. To find l(Migtlis and learn the relations hetwc^cn the dif- 
ferent \n\\tk of length. 

B. To find areas and learn the relations between the different 
units of area; ^ 

in. C^ompurative computation within the metric and Knglish sys- 
tems iiivoKiiig the above phases of measurement. 

HlUKF IIlSTOHY 

' • i ' 

Ihiw you ever thought of how people lived befcm* there were 
any iiuMsures? What was the first measuring instrument? Where 
did it come from? Who first used the yard? How did the meter 
eonu* into iist\ and where and when? The storv of measurement 
is a fascinating story and one which you ought to read. Some of 
the iiitor(\s'ting things about liow'we got our vard and meter -will 
])e told h(M-e. If you are interested you can read more about it,' 

Long, long ago, whcMi man had no luimber system and used 
fing(Mvs^lH)r countuig, hv also used parts of his/l)ody for measuring. 
Ills fiuLjers. hands, arms, .and fe(»t were the/most convenicMit for 
this. The first known uu^asiirc* was the cubit. It was the dis'tance 
from the t^lhow to thv end i)f the middle finger. The width of the 
band was used for nuMsnring heights. A horse was 14 hands high. 
Man used his teet in st(*pping off small distances. Our foot nu^as- 
wYv came froiu tbt* length of the hmnan foot. Tlu* st(»p or pace 
used in l()ll^(M' (listanccvs is used today by Hoy Scoots, 

Other nuMsiires Ixtsed on the human body were the tdl. which 
was the l(Ml^th of the arm, and the* fathom, which was t]\v hMUi;th 
of hoth arms outstretched from finuer tip to fiugcM* tip. 

'' he length o\ the ann. or th(* (dl. was later calhul tlie vard. It 
was (h'fin(Ml in KnL[laud as tlu* length of the arm of King IUmu v I, 
from till' tip of his nose to tla^ em! of his finiji ;. The foot then 
bccauu' onc-tliird of the vard. 

Thes.' approMoiate n' Mires were used in.l'jirope for a long 

///•■ S/.i/// >'f W'i ii^hfs iiiit. ./» »/s//rr\. Tlir Amt I K an (^fHUKil I'itliu ,iti«»H, 
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tiiiu\ up to as late as 1790. At put* time there were as nuiny as 282 
dilFereiit leugtlis of the toot iii Ku'rope. Each Httle couiitrv and 
vwn eitv had its own toot measure. Tliere was tlie Rhinehmd 
foot of 12.35 Indies, the Roman foot of 11.67 inclies, and tlie Am- 
sterdam foot of 11.14 inclies. You can inuij^ine th.e confusion 
caused l)y ha\ iug so many different lengtlis of foot iTieasinx^s, 

In 1790. l)eCause of this confusion, tlic King of France issued 
an invitation to the other countries to meet to discuss a new sys- 
tem of measurement. I)ek»gates from the principal countries 
came to this convention and discussed and debuted for a long 
time over tlie problem. '"Fhey finalh* decided to. use as the unit of 
length a part of the earth's circumference. To have it con\*en- 
ientlv small, it had to be one ten-millionth part of the eartli^ 
. '(juadrant, that is, of the distance from the ecjuator to the North 
Pole. This length was to he called a meter (metre). In order to 
make the first exact meter, this ten-millionth part of the earth's 
(juadrant had to be measured. The meridian, .or line of circum- 
ference, passing through Paris was chosen, but not all of this 
(juadrant could be nunisured, for nmch of it was over the water. 
A portion was selected between Dunker(pie ow the nortluTU coast 
of France and Barcelona on tU<* soutlu^ni coast of Spain. Two 
French cMJijineers, Delanibre and Mechain, were chosen to do th(* 
surve\in<i. Thev beiian this work in 1792 and finished in 1799, It 
was ii long and arduous task,- for it was during the . time of the 
I'rench He\ohition, and the surveyors had nmch trouble with the 
pe()ple of the land in which the) were surveying. It thus took 
se\(Mi WHYS to n)ak(* the first meter stiek. It was made of plafinmn- 
iridiuin. and is now kept in an underground vault near Paris. 

The meter sticks tliat we use have ])een made from copies of the 
original nuv just (h\scrib(ul. This is a meter stick. It is a little 
longer tlum the \ard, as \ou see. 

PaK.sKN rA rioN 
I. r.si i\iA 1 or MKrHic i.r.\(;rns 

K\KH( ISK A 

1. first '.tcp ill bi-eoniiiig familiar with the nielrir :.\stem 
is to brcoMic .oUH'ious of its units of lengtli, Vou have all seen 
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the meter stick now and how it is divided. You may take out your 
metric ruler and study tlic niarKings on it. Try to visualize a line 
10 cm long, then hide your ruler and draw from memory on your 
paper, a line 10 cm long. .NIark the ends of it like this so that it 
will .he ea.sy to measure: 

I : I 

2. Exchange papers (odd rows with even rows) and measure 
with rulers and mark the proper length on your n(/ighbor s paper, 
and return papers to owners. Did- any of )ou get a line exactly 
or almost exacth' 10 cm lon<j;? Your error should not he more than 
10 per cent of 10 cm. How many were less than 1 cm off? The 
rest of \ ou need more practice. 

3, Let us try this again. Put away your paper and on a fresh 
paper draw from estimate a line 10 cm long. 

an^e and measure and mark as before. . 

5. How many improved upon your first estimate? ^ 

6. How many were less tlian 10 per cent off? 

7. -Xext visualize a centimeter. The thickness of a sh^ of 
l)read is about 1 cm. It is a little less than 1/2 in. ' 

8. Draw from nuMUory a line on your paper which )'ou think 
is 1 cnj long. 

9. Kxchanije papers again and measure and mark as before 
and r(»turn papers to owners. 

10. What i^ 10 per cent of I cm? Did anyone have a line less 
than 1 nun ott'f One iiullinu^ter is difHcult to measure. Mark the 
ciuls of .your centirnc»ter lin(» aiul it will ])e easi(T to measure. 

11. Did anyone <j;i»t b(»tt(»r results this time tlian on the 10-em 
Vuw? Do you think you can do better a s<'eond time? 

i:\Kiu isp: n. an* KsriMA'rK f ontkst hv rows 

1. Now we shall find nwl how good van are at (vstimating long 
h*in*s. It is the whole nK»t(M' this tinu*. It is a litth* longer than 
the \ard as you see. Yon cannot draw it on xotu* papcM', so wv 
shall do this rows on t\w blackboard. Tak(» a u;ood l()f)k at the 
nu't(M- stifk. Kach nuv in How 1 may pass to {\\v board and draw 
from rstin)at(» a b'up 1 nK»t(M* long. 

2. Those in Row 2. <»ach with a mclcv stick, may pass to the 
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( drawn estimate of meter) error — 9 cm 

board and measure and mark and d(\signate error as 'shown al)0\e, 
[Note: If there is only one meter stick, the teafher and a student 
•may do the measuring,] 

3. If we are trying to find'out which row has the best estimate, 
how lire we going to find out how well the whole row did? 

4. Find the a\ erage of the errors made by Row L . 

5. Row 8 (or 6) ma\; nl\\t pass to the board an. draw from 
estimate ii Hue a meter long. 

6. Row 7 (or 5) may go to board and measure and find. error 
us befote. 

7. Find the average em)r of Row 8 (or 6). 

8. The reniaining rows may . continue with the exercise until 
the average error of each row has been computed. \ 

9. The row ha\ ing the best estimate, that is, lowest averagx* 
err.or, wins the contest. The individual student who had tlif best 
estihrate among all the rows should reciMve honorable mention. 

. 10. All of you slioiild now have a pretty good idea of the length 
of a millimeter, u centimeter, and a niet(M\ You should have a bet- 
ter nndcTstandiug of a\ erag(* and pvv cent of (Mior than before. 
We shall next do some actual ujeasuring and computing hi the 
rm*tric svstenj itself. 

n. \ii:.\si iu:mk\ r i\ Nn/rnic vsiis 

X MKAsrHKNn:.\ I to i-inu i.i:n(;tiis 

As an exercise to you fuiiluT ac(juaintaiuc(^ witli the meter 
(m), yon are asked to measure th(^ length ot vonr schoolroom 
with a met( r stick, i sv the zero end of tlu* meter stick as the for- 
ward (Mul wh(*:i you measure^ and count tlu* number of whoh^ 
meters until tlwrv is h^ss than a whoh* nutter h^ft. Mark the spot 
where the last wlioh^ meter was counted ami nu»asure from the 
corner to tliat spot and then r\ii}\l thvvv nwd \ our answer from the 
nu*ter stiek in ni(*t(Ts and nearest ceutiuieter. Von nuiv watch as 
I measure the w uUh of the room. 

[Note: The instructor should show how to iisi- and read iUc 
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mvtvY sUck in nu'asuring tlio widtli of tllo Zoom before the class. 
Several volunteers nia\- then measure the length, working in pairs, 
one to handle the meter stick and the oth(M- to mark and check on 
the counting. The instructor should know previou.sly the length 
of room correct to nearest centimeter.] . " 

The answer ma\' he written as one nunihor with one Udvne; for 
example, the result may he 7.84 m. When you get your^answer, 
aimounce it and write it on the hoard. Another pair nuiNN;olun- 
teer to measure length to check on the first measure. 

You ina\' now copy the dimensions of the floor of this room in 
\()ur notel)ooks for futuri' reference. Write t'-em in meters and 
hundredths. Measure next the length and width of your school- 
room with a yardstick in the same maimer and write the result 
in feet and inches. Did you. notice any difference in the measur- 
ing or the writing of your results? What caused the difference? 
Keep these- dimensions also for future use.' 

Measure wJ^li the meter stick tt) the nearest centimeter [dilfer- 
vnt .stiickMits may hv called upon]: " ' 

■ 1. The length of a table top. ^ 

2. Tlu» width of a table top. 
The luMght of a table. 

t. The width of the blackboard. 

5. The height ot chalk ledge.froin floor, 

6. The* width of a door. 

7. Measure vonr height in centimeters. [Note: If there, is only 
one meter stick in the room, a pnpO may place tlu^ f(6llowing 
markinijs On a door post: 1 m, 110 cm, 120, 130, 140, 150/160, 170, 
ISO eni. Tlien each pupil as \\v steps up to he measured will need 

onlv his own ruler to measure his height above any of Tliese 
marks.] 

Heeord \our own heights in centimeters for futuu* use. 
Learn tins <Msy table of l(n)gths in the* nu^trie system: 

10 inillinu'ters (niinl, 1 ecntiinetcM- (c*)) 
loo eentirnt'tcrs (em) 1 iuet<M- (u)) 
1.000 meters (m) I ki-lometer (km) ' 

The iibo\t^ (Ms\ relations are all th:it yaw uvcd to know in the 
metric s\ stem ot lengths. 
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8. Using tin* abov e table, change *^ ' ' - ^ 

a. 3 cm to imii. /. 4,000 m m tp cin, to m. 

b. 6 m to cm. ^. 5,000,000 mnK^ cm, to m,^ to 
* c. 12 km to m, to cm, to km. 

mm. h. 12.345 km to m, to cm, to mm 

d. 20 mm to cm. (same as c above). 

e. 300 nun to cm. i. 6,792,^576 mm. to cm, to. m, to 

km (see g above). 

9. From the interrelations among millimeters, centimeters, me- 
ters,, and kilometers now known, fill in the blanks below with 
proper numbers t 

mm cm in km \ 

a. 60 — 



h. 40 




e, Z .750 

I 4,692 

L'. 5.6 



7n3 



\ r ^ — ^ 4.6 

/. 10.695 ^ 



\ 

W. \IKASUHK\5KNT TO FIND ARFAS \ 

1. IIow do \ou find the area of a rectangle from its dimen- 
sions? The floor of a chissroom is 8d m by 7.7 m. What is its ^irea? 
To find its area multiply cSTI, the number -of meters in Ic^igth^. 
by 7.7, the nui/iber of meters in width, and obtain the answer in 
square nietcTS. Then round your product to the nearest w)ioU^ 
square meter. \ 

2. Use the dimensions for length and width of your school- 
room Hoor and tind tlie area th(» snnie wziw Measure to the ndar- 
est tenth of a meter. Round your prochict ti) the nearest t(Muli 
of a Nvhole Sfjuare meter. 

3. Xt'xt. find the nren of the floor in s(piure feet. Kith(M* use 
feet and fractions of a foot or chauye all diniensions to inches first. 

\ 
\ 
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4. 1£ you, use feet and fractions for dimensions, what will be 
the name of your apswer? . ^ 

5. If you u,se inches in pach dimension, wha*-will l>e the name 
of the area? . - / 

6. Which method seemed to you to'be the easiet, using feet . 
and'hiches or meters and centimt^ters? Can you tejl why? ' 

7. You will remember from \'our earlier work in grade 7 in 
areas, that the answers were expressed^in ,^x|uare units, us square • 
iiiches, square fee.t, and square yards. As you are now working in 
metric units, what wilP be the name of the squaie units in the 
areas?. • , 

S. Ih»re is a square centimeter. Note^that it is 1 crli in each 
dimension. / ' \ 
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9. Here [page 275] is u scjuare, 10 cm on a side*/ -How many 
S(juare centimeters are. there in its area? 

10. Let us find how many square centimeters there ar^e' in a 
s([uare meter. Voa cannot draw a .stjUfU'e niet(/r on youi' paper, 
l)ut von can do so on the board. Who can draw a scjuare meter on 
the boara usiny the meter stick? 

11. How could we find how many scjuare centiftieters there are 
in this scjuare meter without drawing tluMU? It would take too 
loiig to draw and count them. 

12. How many scjuare centimeters are there in 2 sq. ni? in ^4 
s/j. HI? in 24 S({. m? \ 

13. In changing sqiu re meters to s(j[uare centimeters, then, 
\()u nmltiply by 10,000. and that is easily done in* simply adding 
four zeros or moving the decimal point four })laces to the right^ 

a. (Change 36 S(j. m to S(j. cm. 

h. 21.4 s(j. m ecjual ? s({. cm. 

c. 6.49 s(j. ni e(jual ? s([. cm. 

(I. 5.345 s(j. m ecjual ? s(j. cm. 

(\ 3.4096 s(j. m (ujual ? scj. cm. 

/. .6095 s({. in e(juals ? s([. cm. 
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14 In changing the reverse w;^y, square centimeters to square 
meters, you would, of course, divide* by 10,0(XL In dividing by 
10,000 you do the reverse of multiplying by 10,000; that is, you 
cut oflF four zeros or move the decimal point to the left four places. 

a.f How many sq. m are there in 60,000 sq. cm? 

h. Change 40,000 sq. cm to sq. m. 
c, 63,000 sq. cm = ? sq. m. 
>/. 45,300 sq. cm = ? sq. m. 
(\ 34,690 sq. cm = ? sq. m. 
/. 45,965 sq. cm = ? sq. m. , 

^. 3,496 sq. cm ? sq. ni. / 

/i. r 892 sq. cm - ? sq. m. 

i. .. 25 S(|. cm : ? scj. m. 
/, 3 sq. cm — ?cSq. m. 
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15. Pill in the blanks with proper numbers: 





sq. in 


sq' cm 


a. 




' ' 4,561 


b. 


3 




c. 




32,490 


d. 


45.^ 




e. 




606 


/■ 


.063 




g- 


.0005 





IIL COMPARATIVE MEASUREMENT ANp COMPUTATION IN 
METRIC AND ENGLISH UNITS 

1. Measure the length and width of one blackboard in centi- 
mi'tcrs and find the area in square centimeters. Write the answer 
in square meters.^ • 

2. Measure the-lengtH' and width of the same board in feet 
and inches *and find the area in square feet^ 

3. Measure the length* and width of one window paYie and 
find its area in square centimeters. 

4. Find the area of the same pane in square inches, ^ 

5. Compute the area of all the window panes in the room in 
square centimeters. Round the answer to the nearest tenth of a 
scjuare meter. 

6. Do the same in square inches. Write the answer in square 
foct and S(puire inches. 

7. Which problem seemed easier to you, No. 5 or No. 6? 

8. \Vh(?re and how was ^easier? 

9. The total area of the window space in a schoolroom should 
be oiu»-sixth of the area of the floor space. Find what part the 
total area of the window space is of the floor space in your schcjol- 
room. 

10. Check this by doing ^iho same using areas in stjuare feet 
and S([uare inches. (Tl^pre are 1^4 sq. in. in 1 sq. ft.) 

* Tn v^svs of this kind where- otie object is to ho niousurod by the whole c»hiNS» it 
is better to let two reliable volunteers do tlie measuring before the class as a inattor 
of expediency. 
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Phaciice Exercises • * 

exerWe I ' . 

1. Write the table of length for the metric system^ ^ , 
■?mm=^lcm ?cm = lm ?m=,lkm 

. 2. Without ii ruler draw u liiie by estimate 6 cm long on your 
papfer. 

3. Nfeasure the width of a board in the floor to neiurest centi-- 
meter. --^ " ' ,< " 

4. Estimate to nearest centimeter the length of your teacher's 
deslo, 

5. Express .000675 km in meter^, in centimeters, in milU- 
meter's. " ■ 

6. Write 750 mm in centimetei^, in meters, in kilometers. 

. 7. Writ^6,798 sq. cm in square melers and then round to the 
nearest tenth of a square mctef. .. 

8. Find the area of this rectangle in square centimeters. ■ 



(.\ Write the answer in sciuare millimeters and then check by 
measuring in millimeters and finding the area. 
10. Draw a rectangle that will contain 12 sq. cm. 



F.xi>H(:iSEn ^ ' 

1 1. Write tlie table of length for the metric system. 
'2, By estimation "vvitliout -ruler draw a line on your paper 8 
tyh long. 

•3. Measure to-thc nearest cbntiuietcr the width of this paper. 
4. Estimate to nearest meter the height of your room. 
• 5. Writ(; 6 km in meters and then in centimeters, and tlien in 
millimeters. 

6. Change •109..560 S(j. ;n to s({\i:nc centimeters. 
T. Write .TSfJfi s(j. in in s([uare eentimetiTs. 
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S. Measure the rectangle al)ove jn millimeters and find the> 
area in square millimeters, then round the answer to square centi- 
meters. 

9. Check your answer in No. 8 by measuring directly in centi- 
' meters and finding the area in square centimeters. 
10. Draw a rectangle so that its area will be 16 sq. cm. 

• • Tests^ 

l EST I ' ' 

L Write the table for length in the metric system. 

2. Measure the length of the outside cover of your book to the • 
nearest centimeter. ^ 

3. How n'uuiy millimeters are there in 6.7 cm? 

4. Write 67,95 m in centimeters. 

5. Change 410 ni to kilometers. 

6. Change 5,945 sq, cm to square meters. • ^ 

7. Write 16.005 sq. m in square centimeters, 

8. The floor of a schoolroom measures 8.17 m by 7.25 ni. Find 
the area and round to nearest^.^ .ith of a square meter, ' 

9. Estimate the height of^he top of the blackboard from the 
floor in centimeters. (Allow for error of 10 per cent or less. ) 

IQ, Find the area in square centimeters of the fign'*e below. 
Write the answer also in ,square millimeters. 
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TEST n • 

L Write the metric system table for length. 

2. Measure the width of the outside cover of your textbook 
to the nearest centimeter. ( Measure to the groove. ) 

3. Change 495 mm to centimeters, 

4. Write 6,9 cm in meters. 

5. Change 6.31 km to meters. 

6. Write .3456 sq. m in square centimeters. 
^7. Change 39,458 sq; cm to square meters. 

8. A floor measures 6.8 m by 5.6 m. What is its ar^ 
nearest, whole square meter? 

Estimate the height (^f a bookcase or similar ol 
room in ce<®meters. (Allow for 10 per cent error or less.) 

ro. Pind the area of the rectangle below in square centimeters 
and express the answer in square millimeters. 




to the 




TEST HI 

1. Write the table for length in the metric system. 

2. Measure tlie length of a page of your textbook to the near- 
est centimeter. ^ 

' 3. riow many centimeters are there, in 4.6 nun? 

4. Change 8TS vin to meters. 

5. How niaiiy kilometers are there in 350 ni? 

6. Write 46,945 s([, cm in S([iiare meters. 

7. (;liany;o 7.8969 S(i. ni to sciuare ceiitinioiors. 

8. A table top measures l.o ni by 2.8 m. Find the* area and 
round th(^ answer to the ni^U'est (cuih square meter, 

9. Ksti-nale iiTXuttimeters the heii^it of a door in vour room. 



^Ijou- for 10 pe^ ceirk error or less.) ,^ 
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10. Find the area of the rectangle above in square centimeters. 



Enrichment Exercises 



SET D 



(For those who Jiave mastered the requirement in one or more 
of the tests. ) 

L Measure the figure below in metric units and express the 
area in square millimeters. 




2. Express the area in square centimeters, 

3. Express the area in square meters. 

4. Express the area in scjuure kilonu^c^rs. 

5. What decimal part of a square meter is the urea of tlie abo ve 
rectangle? 

6. Look at your foot ruler, which is also marked in milliniettu*.*. 
Express its length in centimeters and tiMiths of ccntinioters. 

7. F.xpress tlie length of tlie ruler in milhmeters. 

8. Estimate the height of your teacher in centimeters. 
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9, Change 67,954,321 mm to meters. 
10; Change 67,954>321 sq. mm to square meters. 

SET A 

.{For the faster students who have mastered the ininimum re- 
quirement in the tests and have done wliat thetj could in Set B.) 

The army uses guns calibrrted in metric dimensions. By the 
use of two rulers side by side find how many inches (to nearest 
eighth) the following gun calibers are: * 

• 1. 75^mm anti-aircraft gun.^ 3. 90-nim German tank gun. 
2. 88-mm German tank ffm. 4. 105-mm howitzer. 
5. 155-mm howitzer. 

If you are an A student, you should be able to do some fine meas- 
uring. 

6. Find the difference in millimeters between the diameters 
of a penny and a -dime. ■ ^ 

7. How are you cn large numbers? Measure the length of a 
dollar bill. Use the neares' whole centimeter, since a new bill 
may be a little longer than the used one you are measuring. 

8. How many pf these bills would ft take, laid end to end, to 
reach around the earth at the equator? (You know from the his- 
tor)' section in this unit tliat 1 m is one ten-millionth part of the 
eartlis quadrant — a quarter of the earths ci^ * inference — and 
you can change the length of a dollar bill from centimeters to 
meters.) 

9. If the cost of World War II was $300,000,000,000, ho\y^ 
uumy tinuvs would that amount go around the earth in dollar bills 
laid (Mul to (Mul? 

10. If t-ho $1 bills in No. 8 had been $1,000 bills (same length) 
would tlu»y have paid for tlie war? If not, would they have paid 
for one-fifth of it? 

VlSAL PUACTICK ExiClU :LSHS l OW MaiNTKNANCK 

As an ouluonu' and pcrinancnit achiev(Mnent from this unit you 
.should hv able to do one of the following two (»\(Mois(»s without 
a nn*stak<*. 
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EXERCISE I ' ' 

1. Estimate the line below to the nearest centimeter with 20 
per cent error or less. 

i ' ^ i 

2. Measure this line to the neWest millimeter. 

I 



3. Express the length of the line in No; 2 in centimeters. 

4. Express the length of the same line in meters. 

5. Express the length of the same line in kilometers. 

6. Change 57.94 m to millimeters. ^ 

7. Find the area of the figure below and express it in square 
centimeters. 




8. Express the '-anie area in scjuare millimeters, 

9. Hound 6.795 s(}. m to the nearesrt tenth of a square meter. 
10. Write the table of length in the metric system, 

KXK.H :1SE 11 

1. Write the table for linear measure in metric units. 

2. l^^'-.tiuKite the lenntli of this line to the nearest centimeter. 

I I 

Measure tlie line below to the nearest millimeter. 
I 1 



4. Kxprcss tlie length of the line in No. 3 in centimeters. 

5. K>[)rcss thf length of the same line in meters. 
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6. Write its length in kilometers. 

7. Find the area of the rectangle below in square cintimeters. 




8. Find t)ie area of the sAme rectangle in square millimeters. 

9. Round to the nearest whole meter: 16.5793 m. ^ 
10. Change 5,794 mm to meters. 



Teaching the Xletric System to Prospective Teachers 

L. H. WHITCIIAFT 

J No PERSON questions the importance of being familiar with the 
common units of measurement or of teaching such units to the 
children in the public and private schools of the United States, 
since one or n^^ore of these units have some part in the daily life 
of practically everyone. Units of time, rate, distance, weights, 
capacity, area, volume, and mone\ arc included in the list of 
units that are most used in anv svstcm of measurement. They are 
the units that are supposedly familiar to the general public when 
given in the system known as the English systeni of measurement. 
They are not generally familiar units ^vhen given in the system 
known as the metric -system. . 

The metric system is important, since it is the adopted system 
of measnremeut for all countri(*s of, the world except the Hritish 
Empire and tJ{e United States of America. More than 75 per cent 
of the world population use it as the standard of their measure- 
ments. Its tmits are simple onc^s, and they an* cU*arly defined. 
They arc* d(*signed to rnec^t all uvah for measuring, recording, 
and calcr.'iating physical ([uantities with convenience, siui^^icity, 
«uid consistency. The ratio between uny two of its consecutive 
units is 10 or .some multiple of 10. 
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BRIEF HISTORY AKD GROWTH 

Although th6 history of the metric system is given in detail in 
another section of this book, it will be to the reader s advantage- 
to have some of it briefly reviewed here. ^ 

The early units df measure were rather criide and indefinite. 
This .may well be understood when one recalls that those units of 
measure, represented the length or width of vanous parts, of the 
human body. To illustrate, the width of the finger, *he breadth 
of the hand, the length of the foot, th? length of the forearm, and 
the length of a step were widely used as standards of Measure- 
ment. The great variation in the size of these units for different 
individuals within a community was quite confusing and very 
unsatisfactory. Communities, therefore, set up standards for 
themselves by defining the units a^ fhose belonging lo a particu- 
lar individual within the community, usually the leader or king. 

At the time when trade between communities was undertaken, 
there were many pf these independent systems of measurement. 
We are told that in the year 1790 there were more than two hun- 
dred different len^gths for the linear unit, "the foot," on the con- 
tinent of Europe. Such a large, number of different standards for 
the same unit made commerce bptween localities or nations very 
difficult, so difficult that finally attention was given to finding an 
oliject in nature which could be used as a stimdar^d, one th-^t 
would be definite, convenient, and unchangeable. r 
. In 1790 the National Assembly of France reci^ested Louis XVI 
to open correspondence relative to the question of measurement 
with the other powers of western Europe. The outcome of this 
correspondence was the international commission which met soon 
after in Paris. This commission recommended that the .>tandard 
unit of hnear measure l)e made a eons enient part of the earth's 
circumference. This convenient part was intended to be, a length 
efjual to one ten-millionth part of the distance from the equator 
to the Pole. To determine this length tAVo engineers, Delambre 
and Mechain were appointed to make the survey. Approximately 
seven years were spent in inuking and checking the survey. This 
niiit is now defined as the distance between two engraved lines 
on a bar of platinum-iridium alloy, approximately one ten-mil- 



^ TOWARD WIpFu USE . 285 

lionth part of a'quadrant of a meridian. Th« standard meter stick 
I's preserved in the archives of the International Metric Comnii.s- 
sion at .Sevres near Paris. ^ • ' 

The unit of weight, the gram, was intended to be a mass of ^H«^ 
water, whose volume at 4° centigrade would be equivalent to a? 
cube with its edge equal to 0.01 nleter, or 1 centimeter. Since this 
unit is comparatively small, a larger unit, having a mass of l',000 
grams, or 1 kilogram, was set up as the standard unit of mass. 

The unit of capacity, the liter, is defined as the volume of 1 
kilogram of water at its greatest density. ^ 

All units are theoreticallv based on the meter, th^mit of length, 
and the ti^bles are built on the decimal plan. The three principal 
units are the meter, the liter, and the granj- v 

Length 

10 millimeters (mm) = 1 centimeter (tm) 
100 centimeters (cm) =1 meter (lA) ^ 
1.000 meters (m) = 1 kilometer a( km) 

« i ». 

Capacitx 

1,000 milliliters (ml) = 1 lite^ (1) 

Weight * 
1,000 grams (g) =1 kilogram (kg) 

1,000 kilograms (kg) =1 metric ton (t) 

Since the establishment of the metric sj'stem, its" usage has 
spread until at presen't more than 75 per cent of the world popu- 
lation and fift\ -five of fifty-seven countries have it as their stand- 
ard of measurement. Between 1800 and 1860 very few countries 
adopted it as their standard, in fact, not more than seven. Fof the 
most part thev wer^ the countries that b()rder France. From 1860 
to 1900, thirty-three additional countries made it their standard 
of measurement. Since' 1900 fifteen of the ren^aining countries 
luu e adopted it, leaving tlie British Empire and the United States 
alone having s) steins other than the metric in common usage. 

IJlKSnS TOWAHD TIIK ADOPTION OF THK MKIUK; SVSmM. 
IN THE UNirEI) STATUS 

.\ glance at the .liistory of the United States relatix e to standard 
units of measure uivrs ovidencc that it has ino\ ed in the direction 
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of adopting the inctric'syslcni. From t\\d vci v beginning as a na- 
tion thjs cpnntr\' has been interested in uniform units of measure. 
George Wasliington s first message to Congressv 1790, cdpi- 
tatned the followiuj^ statement: 'UniH^iuity hi the cmrjj(c\\. 
weights, and measures of the. United States is«n oljject of great 
; importance and will, I dfn persuaded, diily attend€|d to." ' ' 
Congress in thct^me' y«if respondgd by reqjiAting yhpniias 
JeflF^rson, Secretary of State, to do something toward making 
. shmdfar^ oiF measure nniform.^ Jefferson, therefore,, submitted 
.'V'plaiis. one of which was to reduce ex ery branch of the principal 
> affairs of hfe within the arithmetic of e\ cry man who can uniltiply 
and divide ^htin numbers. • 
Washington's second messagw'^to Congress contained a state- 
y ment relative to the^need f(>r uniform standards. No legislation, 
however, followed, ' ' 

In 1821, John/lQiiincy Adams, Secretary of State, reported that 
. lie Would consult with foreign nations for the future and ultimate 
establishment of universal and permanent uniformity in wefghts 
and measures: ye'l no action followed. -By this time there was 
some e\ idence that the people of the United States were dissatis- 
fied witli the confusion that resulted in the use of English ijnits 
~()f measure at home and metric units of measure abroad. This dis- 
satisfaction brought an extrusive report by Congress. 

Congress, in July, 1866, passed the following act, which author- 
ized the use of the metric system of weights and measures 

^ Be it enacted by the Sen^e and House of Representatives of the 
United States in Congress assembled, That from and after the pa.ssage 
this act it shall be lawful throughout the United States of America 
to employ the weights and measure of the metric system, and no con- 
tract or tlealim^s. or pleadings in any court, shall be'deemed invalid or 
liable to oijjt ction because the weights or measures expressed or re- 
ivrn-d to tlu n-in are weights and measures of the metric svsteni. 

In 1S75 the I'nited States and sixteen other countries sent rep- 
resentatives to a metric convention held in Paris. The purpose 
of tins eon\ention was to establish and maintain a permanent 
scientific International Bureau of Weights and Measures at Sevres 



' Tfw Mathcmatki! Ti aclwr, Vol. XXII, \i)veml>tr, 1929, p. 380, 
' Ibid., p. m): 
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near Paris. Frqm this, bureau. the Unitedi'States received her Na^ 
tibiuil Prototype Nteter and Kilogram, which are duplicates of the 
standard meter and kilogram kept in* Fi'ii..ce. The prototypes are 
kept in a su*hterr\noan vault of the'National Bureau, of Standards 
^at Washington, D. C. * • ' 

In 189;! the meter and the kilogram wore nuidc standard units 
of measure in the United Stafes. Tho yard was defined as 3,600/ 
3,937 ^f the meter, ,and the pojiuid avoirdupois as l:/2.2046223 
kilogram. ThelfoHowing year, 1894, the Wiu; Eiepnrtment ftdoptctl 
the nietric system for medical work, and during that same year it- 
was made- the basis for all electrical measurements. Eight years 
later, in 1902, it was adopted by the United States-Mealth Depart- 
ment. In 19^2 the Amateur Athletic Union adoptecl the metric 

systpm. — 

ItV 1926 a bill was introduced in Congress tcfchangip from the 
English system of measures to the metric system, but it failed to 
pass by a few votes. This bill proposed ten years for making the 
change o\er to metric units. Since that time there have be^n no 
further atten^pts by Congress to adopt the metric system, 

A number of organizations Inu e rather recently passed resohi- 
tions favorable to^iw^^ll^ric s\ stem. .At the annual convention of 
the General E^ftfcration of Women's Clubs, n^eeting in St. Louis 
in April, 1944, a resolulion was introduced -and adopted" unani- 
mously by the delegates to endorse legislation iii Congress for the 
nationwide tido\)tion of tlie nietric .system of weights and meas- 
. urcs. This body represents 16,500 women's clubs and 2,500,000 
individual/ members. The CAMitr^l Association of ScitMicc and 
'Mathematics Teachers at its annual meeting, November, 1944, 
ill Cbicagt) went on record as favoring some fonn of . legislation 
for imiiiediate metric usage in those lines most feasil^le for metric 
adoption. Dnrtng tins same year the Council on Pharmacy and 
T;jietMistry of the American Medical A.ssociation announced that 
it would use metric units only in piiMications for which it is re- 
spun sUik;.^^- 

yflie Kiwanis Club and tK(' Rotary Chil) of Mankato, Minnesota, 
/and th<' I, ions Clnl) of New Canaan, Connecticut, have drawn up 
/ and passed niftric resohijibns favoring •C:ongressional action for 
metric usage. The Nhmkato Rotar)- Club has invited consideia- 
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tlon hv all Rotary Chihs in tlieUilTteH Stntos to pass similar reso- 
lutions. Tite Lions Club above mentioned has approached the 
Lions Inteniational Comniitti'o, who have spoken in favor of the 
metric system. " \ ♦ 

In 1936 J. T. Johnson, President of the Metric Association, Chi- 
cago, sought additional information relati\ e to public opinion on 
the use of metric units. He mailed li" questionnaire to some 650 
individuals, including manufacturers, engineers, doctors, and 
educators. From the returns of his qvestionnairo he found that 
80 per (pent of those answering belio\ ed that it would be of ulti- 
mate advantage to the United States to. Use metric weights and 
.measu'res, that as many as 75 per cent beliex txl that the adjust- 
ment froni English to metric units could be made in a period of 
ten years without any serious incon\'enience, and that of those 
favoring a change to metric units 74 per cent believed one of the 
best ways to effect the change would be through government leg- 
islation, 94 per dent throngli education and use in the schools, and 
' as many as 90 per cent through bofli government legislation and 
use in the schools. 

From the preceding statements one realizes that the metric 
system is gaining ground in the United States. It has gained in 
number of indi\idiials friendly to it and in the numberuising it. 
The trend then is toward wider use pointing toward final adop- 
tion of the svs'tem. 

MKTUIC UMTS TAlHiHT TV KLirAtKNTAHY SCHOOL 

'I'lio children in tlic dcMnciitaiy school havo liad an opportunitv 
to \v\m\ s()nicthiiii> of tlie metric system. A surxey of ten series of 
\\\OiiA\ nsed arttlinietics, piibhshed before 1940, revealed that' 
practically all the material haviny; to do with nu^tric nnits was 
inclnd(»d in tlu* texts for u;rad(\s se\ en and (M'^ht. Two series, how- 
vww incluchnl ccntaiii metric units in grade six. l\ighth ^rrade 
t(*\ts (examined containc^d sliirlitly more than fi\ e paLj(\s of material 
on the metric sy.stcMii. Considerable attention was giv(Mi to con- 
v(M'tinLj nnils- nf tlu* Kntilish systcMU to those* of tlu* mt^tric aiid 
tliose^)f the metric into Knulish nnits. with l(\ss attention to nu^as- 
nrim^ and conipntinL; with Uictric miits. 
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WHAT rinV FIVE COLI.EIT.E students knew about T-ilK 
. METKIC SYSTEM 

During the full and spring quarters, 1945-19i^, the writer ob- 
tained from fifty-fi\e college stud(^nts in general mathematics 
some information relatiN e to their knowledge of the metric' system. 
The larger numhcr of these students were preparhig to teAch 
elementary grades. Se\'en of the gftnfj) were returned \eterans, 
and fi\e other students were taking courses for the prepara- 
tion of nurses. No attempt was made to compare the three groups 
of stiulejits-. The list of questions submitted to them was: 

1. What is the metric system? 

2. What per cent o£ die nations of the world use it as their standard 
^ of measurement? * , V ' ♦ 

;3. What groiip or groups of people in the United States use this 

. /stem wicli'ly? 
4. VVith wljat units of the metric system are you familiar? 
/ 5. I low (lid you conu' to know these units? 

(3. To what extent have you studied the metric system? 

7. Express in metric units (a) your height, [h) yourweiglit. 

The answers to the abo\e ((uestions were somewhat re\ ealing. 
Approximafwiy one 6ut of three gave a good definition of the 
metric s\st(Mn. Seven of the. fifty-five students were unable to 
. define it. 

Question 2 was not a \ery good question. It was too definite; 
N-t^t three students came within 5 per cent of it. Fi\ e of the group 
did not list the per cent; instead, they made the statement that all 
countries except the United States and Great Britain bad adopted 
it. Another student stated that most all countries use it, while 
oiu' other said that all countries except the United States use it. 

The \ arioi^ groups mentioned in answer to Question 3, with 
the number of stue^ynts listing the group shown in the parentheses. 



were: 



Scientists (40) Traders, buyers, businessmen (2) 
Kvcryonc (6) Contractors (2) 
ICn<4ine«'rs (3) Bureau of Standards (1) 
Surveyors (3) .Mathematicians (1) 
Doetiirs (2) Labomtnry teclinicians (2) 

Assessors ( 1 ) 
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The metric units with which they chiimed to be familiar were: 

Units of Length * 
Millimeter (21) . Meter (33) Hectometer (2) 

Centimeter (24) * De.cameter (4) Kilometer (10) 
Pecimeter (12) 

* Units of Cnpacitt/ 

Milliliter (2) Liter (15.) . . : . , - 

Units of Weight 
Milligram (6) Decigram (2) 
Centigram (1) Gram (21) 
Kilogram (1^) 

Twelve of the group stated that they were not familiar with any 
of the metric imits. 

The manner in whiph these units were learned was reported as 
follows: 

Study of science (39) Mathematics classes (5) Medical school (1) 
Public school ( 13) Practical experience ( 4 ) Dental work ( navy ) ( 1 ) 

Read about them (4) 

The approximate amount of time spent in study of metric sys- 
tem as stated by these students was: 

Very little (20) , ,One year in chemistry (3) 

Few (^ays (6) Large extent in science (1) 

Not at all (4) Enough to recognize units 
Occasional remarks (3) but not to use them (1) 

Just enough to do Just mc^ntioned it (1) 

science (3) Just compared meter stick 

vith yardstick ( 1 ) 

Twenty-eight of the students were ^sked to express their 
heights and weights in metric units. Six of then) gave their 
heights in English units and then cr verted them into metric 
units. Eighteen made no attempt to ai.swt i . while four gave their 
heights as 6.2 decinieters, less than 1.5 meters, 2 meters, and 
6.6(K) meters respt»cti\ t»l\-. Just three of tlu^ twenty-eight students 
ga\e their weights in metric units. Two of the three expressed 
their weights in pounds and then nuiltiplied that l)y 2.2, while 
the third gave 140 liters as her weight. 

When the students were asked to go to the board and draw, 
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frecluuul, a line one meter long Ihey were unable to do it wry 
T accurut^'ly; \ et the relative error in their work was upproxifnatelv 
the same as when the)- drew, frechiyul, a line 1 ^'ar^ long. They 
had not IkuI much practice in this type of work and were not good 
I at estimutine leni^tlis or distances. 
( 

COMPAIUSOX OF rUK METIUC SYSTEM WITH TllK ENGLISH SYSTEM 

ire of the iirst difFereuces mi indi\ idual finds when comparing 
the metric systent with the Knglish .system of weights and meas- 
ure^ is in th©' definition of the units.'^ The basic metric unit, the 
meter, i» defined as a part of a natural unit. Ather the quadrant 
of a meridian or the spectrum of a cadmium ray; therefore it 
could be determined again if all measuring. units were destroyed. 
Fi^*m this unit all (jther units of the metric s\stem could be re- 
estalmshed. In the ^Inglish system of measurement thi^ would 
he practically impo.ssiblc. For tliis reason there appeifts to be a 
feehiiii of security in' the use of metric units not found in the use 
of English units. 

The second difference noted in the two systems is the relation 
between consecutive iftiits. The metric .system has the decimal 
division within its units, a fact which makes for economy in learii- • 
ing as well as in^coniputatiou. Changing from one unit to any 
other luiit in the metric .system is really a matter of moving the 
decimal p(i1»Uto the rigkt or left, a process which involves multi- , 
'plication or division by 10 or some power of 10. One illustration 
will be sufruieiit to con\ince tlie ordinary individual that the 
metric units operate with greater ea.se tlian Knglish units. 

1.37 centimeters —13.7 decimeters = 1.37 nu'ters 
137 inches 11 5/12 feet 29>36 yards 

'I'he third difTefcnee ()l).served betw'een the two systems of 
mea.suremeut will be the terminology. In tlie metric system the 
three words, meter, liter, and, ^rani are tlie hiii^c terms. In addi- 
tion there are six prefixes, tlnee for multij)les and three for deci- 
mal parts. The three multipl \s are the Creek terms deka, hreto, 
and kilo, meaning "ten,", "one hundred," and "one. thousand" re- 
spectiNoly. Tl;e tliree prefives for di-cimal patts are deei- (one- 
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tenth), centi- (one-hundredth), and milli- (one-tlunisuudth). 
TliQ English system is lacking in this j'espoct. For instance, the 
linear units — the inch, foot, yard, rod, and mile — do not indicate 
the part that one unit is of anv other unit. The ternunology is 
difficult. ' . 

The fou,ith difference is the interrelation between the units. In 
the metric system the basic unit;> are related* to each Other, a fact 
which makes for economy hi comprttation. In the English system 
there is no such relationship. Econonn of computation is ilhis- 
traced ])y the following example; || 

English .system — What is the weight of an iron bar 4 inches by 
4 inelies by 8 feet? The .specific gravity of iron is 7.86, 

c w\ 4 X 4 X 8 X 62.5 X 7,86 , . • ^ 

Solutit^! i2 x 12'"^ =436 2/3 pounds 

Metric system— What is the w(ught of an iron bar 4 ccMitimettMs 
!)y 4 centimeters by 8 meters? The specific gravity of iron is 7.86. 

e 1 ^ 4 X 4 x 8 X lUO X 7.86 , , , 

SoIutu)n^ ^ • 2^^^ ^ ^ 100.608 kiloiirums 

STKrS IN TKAt niN(; T\{K MKnuC .SYSir.M 

'IVathiuL; the luctiiu system to .prosptativi* teachers invoKt-s 
lUv following steps: ^ 

1. S(TUii!ig an iiixt-utory of the knowledge, concepts, and skills 
the students ha\e. This makes foi* eeouomv in both teac*hin*i and 
learning, sinee it iiulieates what needs to be taught as well as what 
is suffieic ntly well known. 

2. (iaiiiing a knowledge of tlu* early history of uieasnrtMnent, 
In this eonneetion. a (U liiiitt* need for a uniform sxstem of meas- 
urement between Hinse coiiutries bound together b\ eomiuercial 
interests ^'ill be iiuderslood and appreciated. 

3. lieeoming faiiiihar with the metric svst(Mn of measurenuMit. 
its (le\ ek)pinent and growth. (Hear coneepts of the basie units 
s}i()u](l be ol)taint^d by bringing these nm'ts to the class for study 
and use. 

• }. I'ndeistvinth'ug tlu* ease of ()[)eratiou with inetrie units and 
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the economy oflFccted by their use. This economy has previously 
iH'on jllustratod. , 

Developing sufficient «kill in the use of metric units to serve 
ones needs. This skill is best^ obtained by using metric units in- 
estimating and measuring distances, .ireas, volumes, weights, aud 
capacities. Problems to be soK ed shoulfcl be given in metric units, 
and computations should be kept within the metric system, 

SUGGESTED EXERCISES l-OR STVt)E,4TS 

Purpose: To become meter- and gram-conscious. 

EXEnCIGE I 

1. Estimate' the length/of the classroom in meters and hun- 
dredths. ' 

"2. Measure the length to the nearest centimeter. 
.3. Write this length in -.neters. 

4; Estimate the width of the classroom. (Better results should 
be obtained than, for No. 1.) 

5. Measure the width to the nearest centimeter. 

6. Express this width in meters. 

T. C:oinput(' the area of the floor. (Round the an.svver to the 
nearest tenth of a square meter.) 

S. Estimate the height of the classroom to the nearest centi- 
meter. 

9. Express this in meters. 

10. Find the volume of the room. (Round the result to the 
nearest whole cubic meter.) 

EXF.IU^ISE II 

1. Tt{e better to become centimeter-conscious, estimate your 
height directly in centiiueters. Do not convert inches to 
centiiTieters. Write your estimate on paper. 

2. With meter stick and chalk at a dporpos^easure your 
height in centimeters. 

.1. Qmipute your per cent of error. 

I Improve upon tlits per cent .of error by estimating the 
liciuht of vour instructor in centimeters. 
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EXERCISE m 

1. Handle and pass a hirge book between you and estimate 

\ its weight in grams. Do .not announce your estimate, but' 

write^t down, 

2. IMly^ the book weighed on a metric scale. 

3. Compute your per cent oi error. Compare it with the per 
/cent of error in the centimeter estimates, 

4. Improve upon your per cent of error by handling and esti- 
mating the weight of another book or object. 

1^ EXERCISE IV > 

Study a teaching unit on the metric system for the elementary 
school, such as the preceding article, pagjs 267-283. Work all the 
examples there, including sets B and A. 

OUTCOMES Of a stltdy of the metric system 

1. A better understanding of this system of nieasuremont. 

2. Ability to measure and to compute with metric units. 

3. Appreciation of the ed for a uniform system of measure- 
ment throughout the world. ^ 

4. Appreciation of the relationship ])etween units ot measure 
in the metric system, making operations in the metric sys- 
tem easier than operations in the English systejn. 

5. Appreciation of the economy effected throifgli the use of 
metric units. 

6. Greater skill in the use of metric units. 
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Appendix 

RELATIONSIIIFS HF.'HVEEN 
niE EIsfGLISII AND METRIC 
WEIGHTS AND MEASUBES 



1. RekitioiKsliip Between the Inch and Milhmetcr 

R^E. HANSEN 

Amlrican industry has generally followed the English system of 
weights and measures, including adoption of the inch, foot, and yard 
as units of length. In 1866 an act of Congress legalized the use of the 
meter, thus giving recognition to the growing importance of the met- 
ric system all o\'er the world. This act of 1866 defined the relationship 
between the two systems on the basis of 1 meter s equaling 39.37 
inches. This ratio was probably not intended to be m.ore accurate than 
the number of figures given, though it was later considered as defin- 
ing the United States inch. 

In 1889 the International Bureau of Weights and Measures prepared 
a number of platinum-iridium meter bars aiid determined with great 
exactness the length of each. One bar. No. 6, was adopted as the In- 
ternational Prototype,* its length being considered exactly 1 meter. 
Other bars, calibrated in terms of the International Prototype, were 
distributed to a number of countries, two being sent to Washington. 
Congress in 1893 therefore accepted the International Prototype as . the 
primary standard and one of the two similar bars in Washington, as the 
National Standard, retaining the relationship of 39.37 inches to 1 meter. 
The National Standard has been sent to Paris since1889 for compari- 
son with the International Prototype, and no change in relative lengths 
has been detected. ^ 

Meanwhile Great Britain has employed a bronze bar as a national 
standard foe the yard. The bar was made in 1845; comparison with 
the meter bar in 1895 gave its length as' 914.3992 millimeters. This 
value was adopted as official by an act of Parliament/ Later compari- 
sons showed a change in the ratio to 914.3984 millimeters; the official 
con\ er sion \ alue, however, has not been changed. 
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Developments in spectroscopy make it possible to define length in 
terms of \\a\e lengths of light. This has the advantage of providing a 
primary standard simultaneously a\'ailable in many different places 
and not subject to destruction or alteration. One meter equal to 
1,533,164.13 wave lengths of red cadmium radiation has gained wide 
re^cognition an ! is used hy the International Astronomical Union. The 
present United States yard is equal to L420,216.12 wave lengths, and 
the British yard is equal to 1,420,212.03 wave lengths. 

A proposal to adopt a coiuersion factor of 25.4 millimeters as equal 
to 1 inch was made in 1926 by a cotiference of representatixes of stand- 
ardizing bodies of eighteen countries, including the Anrerican Stand- 
ards Association and the British Empire Stancuirds Association. The 
practice had already been wide»ly adopted on the Continent by engi- 
neers, and in the United States by injuuifacturers of mechanical screw- 
thread cutting de\'ices and ruling scales. 

In 1930 the British Standards histitute adopted 25.4 as a national 
standaul con\ ersion ratio. Two years later, at a conference of eighteen 
industrial bodies arranged at the request of the Ford Motor Company, 
it was recommended that the same standard be adopted for the United 
States. Those present inchided P. G. Agnew of the American Stand- 
ards Association, L.J. Briggs and IL \V. fiearce of the National Bu- 
reau of Standards, representatix es of General Electric, American Tele- 
phone* and Telegraph, Bell Telephone Laboratories, Browne & Sharpe, 
Bausch & Lomb. \V(\steni Electric, American Institute of Electrical En- 
gineers. American Society of Mechanical Engineers, American Society 
of Swedish Engineers, CJage Maiuifacturers' Association, Metal Cut- 
ting Institut(\ National EU»ctrical Manufacturers' Association, National 
Machiru* Tool Builders Association, Society of Automotive Engineers/ 
Manufacturers' Stajularclization S()ci(»ty of VaKe and Fittings Itidustry, 
and the Na\y Dt»partment\s Bun^au of Construction and Repair. The 
proposal was taktMi np and adopted by the American Standards As- 
sociation on March 1-3, HJ'V^. The standard so adoptcnl, however, is 
purely a cou\ torsion factor and does not state what the j^rimary stand- 
ard shall l)e. 

A hill drawn np and submitted to Congress in 1937 contained the 
following proN isions:' "^.^ 

1. Tht^ nutter, dt^finrd as thv distance bc^twetMi two luu^s ouflie In- 
tcrUiitioUiil Pr()tot\ j)c Mt trr bar imder specified conditioiis (t(Mnp(»ra- 
ture. prt'vsure. and means of support), shall hv a legal unit of length. 

2. Thr I nitt'd States inch, drfiuc^d as ().()2o4 meters, shall be a legal 
innt of length. 

:3. The Tnited Stiitrs primary standard shall hv Meter No. 27, whose 
K'Uiith sliall be accepted as certifit^d by the International Bureau of 



' Ktllli't N lintr. This l>ill u.is rn)t passcil. 
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Weights imd Measures; ai) alternative standard shall he the wave 
length of red radiation from cadmium, which may be converted to 
other units as below: 

a. 1 wave length of red radiation from cadmium equals 6,438,4696 
X 10^^ meter, 

b. 1 meter equals l,t553, 164,13 wave lengths. 

c. 1 inch equals 39,450.369 wave lengths. 

Inches in Millimeters Wave I. cti^this of Cadmium 

System- I Meter Inch Yard Per Inch Per Yard 

Present U. S. 39.3T(X)0 25.40005 914.40183 39,450.448 1,420,216.12 
Pn)p()sed U. S.' 39.37008 25.4(X)00 91:4.40000 3f\450.369 1,420,213.28 
Recent British 39.37015 25.39996 914.3984 39,450.303 1,420,210.93 

/ * Wuitniul Bureau of Stamhirds. 
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I 

2. Convenient Ways to Use luiuivalent Tables!" 

A yi ANtrrY can usually be expressed as a whole niimber 4f the ri^ht - 
tneh-io xyeinht or nu»asure is selected E\en when a fraction is needed 
to express the uietrie equi\ alent of another weight or peasure, one or 
two fiji;ures to the nijht of the decimal poiut^m^rallv give sufficient 
accuracy. Equixalents such as those in the tables her/ gi\'en should be 
used only to the re(juired degree of accuracy. For example, as may be 
seen on page 302. 4 inches equal about 10 centimeters; if greater ac- 
curacy is desired, 10.2 centimeters cr 102 millimeters may be taken. 

The ' Cjuivalent for a quantity greater or lei>s than those given in the 
tables mav be found in the following ways: 

1. By multiplying or'diyidiug by 10 or a multiple of 10. Tim may be , 
done by merely chaijlging the position of the debimahpoint (refer-' 

* ring to page 302, thb ecJulNalent of 7 yards is 6.40 meters, so the 
equivalent of 700 yards is 640 meters), 

2. By using tlu» equixalents of its component parts (from page 302, 
5 feet 8 1 '2 inches 152.4 centimeters + 20.3 centimeters -f 1.3 
centimeters — 174 centimeters )» 

3. By multiplying by the comersion factor required, which is oppo- 
site figure 1 in each column (from page 303, 65 kilograms X 2.2 = 
143 a\()irdupois pounds). 

The tabU's in this section art* based upon the United States^ equiva- 
lents, which, (wcept for mt^asures of .capacity, are practically the same 
as till* Britisli. These exiict figures are given below: 

3y.370{K)0 Uiu'ted States inches — 1 meter 

39.370113 British inches = 1 meter 

0.=2&41776 United States gallon ^ 1 liter 
0.2199753 British imperial gallon — 1 liter 
1 Unit(*d States a\'oirdupois pound = 0.4535924277 kilogram 
1 British avoirdupois pound — 0.4535924300 kilogram 

H»'prititi'(l from Metric Weight*} and Measvrrs^ Third Edition, the Mt'trit* As- 
MKiatinii. Nt-w Vufk, l^HU. hv ptTinission <jt ihi* AsMK-iatinn. 
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TABt.K n. 

METBJC-KnQLISH Eot'lVALRNTS 



l.BSilTH 



,\ fillip I '. s*. 
meterd Inches 


Centi- I S. 
nifUtrs Inches 


^U^fts VrrV 


Meiers ^^^^^ 


meters MUes^ 


1 - 0.03037 

2 « 007871 

3 « (K11811 
J 0.15718 

5 ^ '0.1<Mi8:> 
*> « n23r)22 
7 « 0.27:i5l) 

U ^ 0..35433 


1 0.3a37 
, 2 « 0 7871 

3 « 1.1811 
0 \ « 1.5718 

•Til- '^n)(i85 
* r» = 2.3622 ^ 

7 » 2.755«i* 

8 « 3. 1 IU6 

U = 3.5^133 . 


1 - 3.28083 

2 «• 6.56167 

3 « 9.81250 
1 13,12333 

5 - 16.10117 

6 = IH.685CK) 

7 « 22.1H)583 

I) = 29.52750 


1 - 1.093611 
. 2 - «. 2.187222 

3 « 3 280833 ^ 

4 ^ .4.374144 

5 - 5.168056 
r> a 6.561667 
7 «s 7.6^5278 
TS^ X. / InnKO 
0 = •0.8125<M) 


1 0.62152- 

2 ^»Jk«t2^ 
''-S*-*<^l-864ll, 

4 « 2.48548 

5 - 3.10685 

6 « 3.72822 

7 « 4.34959 
n « 4.97(Mm 
9 « 5.59233 


1 Inches mriers 


r. .s'. ^ r.VnfM 

Inches meters 


1 « 0.301801 

2 o.60»6c;i 

3 -c O.0U1O2 

4 =* 1.219202 

5 « 1.524(K)3 

6 1.828804 

7 « 2.1.33601 

8 « 2M38105 

9 - 2.713205 


■\ . 


Miles meters 


1 - 25 1001 

2 - 50.8WM 

3 « 7«.2(K)2 

»i « 101 mxi 

" 5 * 127.(K)03 
fi' - l.V2.|l'K)3 

7 - 177.8(M)i 

8 *"203.2(M)1 
W « 1!28 B(K)5 


1 =. 2.51(KM 

2 - 5.08iK)l 
.3 = 7-62rKn> 
■1 « 10.16IH)2 

5 = 12.7U<H)3 

6 = 15 21*H)3 
. 7 « 17.78001 

8 - 20.321KM 
« 22.8ti(Ml5 


1 « 0.911402 

2 = 1.828801 

3 - 2.713205 

4 =* 3.657607 

5 - 1.572(K)9 

6 - 5. 186 111 

7 « 6.1(H)813 

8 « ?.31.5215 

9 = 8229616 


1 « 1.60935 

2 - 3.21869 

3 - 4.82801 

4 - 6.43739 

5 - 8.04671 

6 = 9,65608 

7 = 11.2S?>43 

8 « 12.8Zt78 
9- « 1U18U2 
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11X29 

! l-i X7 
177 n 
^i07 nl 
2:9» 58 
26r» in 



IMers 



8 = 
9 
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.3 
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Qunrts 

' 1.057 
^ 2.1 13 
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6 « 2721 5:> 

7 3.l7r>l5 
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